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PBEFAOE. 



A FEw yeara ago I haJ tlio honour of giving to the students 
of the Rojal School of NaTtil ArchitccturG, at South Ken- 
BÍngton, o, series of lectures on " Tho Uso and Application 
of Iron to form Mechanical StructiireB." 

It has boen Buggosted that the matter preparcd for these 
lectores might be mode nsefnl ia tho technical educatioB of 
other Btudenta in engiueeríng. It ís higlily requisite that 
such Btadenta should ocquire a thoTough knowledge of tbe 
nature and properties of a material with wUich they will hava 
Bo largely to deal ; and although the great Bchool for acquir- 
ing ibis knowledge must be practical esperienco, yet no one 
can doubt that muoh may be usefully done to preparo tha 
way, by placing bofore the student the large amount of infor- 
mation already collected on the aubject by oomi>etont hands. 

To do this iu a BÍmpIe, clear, and convenient mannor has 
been my objoct in the present piiblication. I claim no 
originality or novelty in the Bciontific treatment of the 
Bubject ; and tho experimental data are, of course, dae to the 
Tarioua anthorities whose ñames aro attaohed to them. But 
tor the general authority of tho work I am able to plead 
a practica] esperience of forty yeara in tbe use and applica- 
tion of iron for engiiteciing purpoBea, and an extent and 
Tíiriety of oppoitunity for observation which. fall to the lot 
of few in my profession, 

1 have reyised tbe original lectarea, and have mado con- 
siderable additions, with a view of rendering tbe information 
more complete, and of bringing it down to tbe presont etate 
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of knowledge ; but I have not thought it necessary to alter 
the coUoqnial and familiar style of the first composition. 

In a work which professes to compile usefal information 
írom all available sources, it has boen impossible for me to 
give special references in every case. I prefer to annex a 
list of works I have consulted ; and not only to express in a 
single acknowledgment my indebtedness to them, but also 
to recommend them, emphatically, to all engineering students 
who may wish to carry further their study of the great sub* 
ject here offered to their notice. 

W. P. 

Geeat Geobge Stbeet, Westminsteb, 
April, 1872. 
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INTEODUCTIOrf. 

1. Tkb objeet of the foUowmg pagea is to próvido tbe 
Engineering etudcnt witli & manual of practácal informatioii 
1 the natiire and proportíos of tbe material which now 
enterfij perLaps more prominently than any othor, into 
engineering designe. "A eentiuy ago tho etructurea witli 
which engincers had to do wore btiilt almost ontirely of 
stone, brick, or timbor ; in modem daja theee matcriale have 
beoome largelj anperscded hy iron. It íb qnestionable 
whether tliis subetitution is not being carried too far, and 
whether the new perishable substance is not frequently 
adopted for tho sake of choapness, or facility of construotion, 
in casos where the more durablo bnt lesa tractable material, 
Btono, would be more appropriftte, moro noble, and more 
worthy of the profession. Eut, howeyer this may be, it is 
certain tbat the modem engineer who wishcH to be master 
of bis art must be thoroughiy conversant with the natnre and 
properticB of iron as a conetmctive material, oad thoroughiy 
competent to adapt it to aay gtrnctnral pinrposoa for which 
the present wonts of society may demand its application. 

2. How there is no deorth of publiahed information on 
certoja subjects connected with iron. In the firat place, on 
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the MelaUurgy asad Wanuf/aUare of Iron there aro tlie adii¿-'f 
rabie and compreheneive worka of Overman, Percy, Baner- 
maim, Crookea, Trurau, and loany otherB. And secondly, 
on the Design o/ Slracltires in Iron, sach ae brídges, Btcam- 
boats, macliinery, &c., &c., there are many eicellont workH, 
and olmost a, snperahundancc of platos and drawinge, illus- _ 
tniting the conatruction of auch worka in every vai'iety, and I 
in Üte fnlloBt detail. 



3. Bat a little ooneideration will show that there íb i 
very wíde and important gep between these two branchei 
of information. Tho bnainess of the metallurgist ends w 
the prodaction of iron in a niurkütable ehape ¡ he doea noi 
ctmcom himself witli its fiuther employment, It ia at thÍB^ 
point that the duty of the engíneer begína. He finda tbe 
material ia tho markot in an immenEe voriety of furms, and 
posaesaed of a still widor variety of qualities and properües ; 
and as be mnst necesaarily select his material bofore any of 
hia coiiBtructivG acionce can come into play, he ranst, in 
(irder tu mako a auitablo choice, be poascBBod to a large 
esteut of a speciea of knowledge which he has not derived 
either from tho metallurgist or the scientific constructor ; 
namely, the knowletlgo of the natubb and phopebties op iron 

AS A MATBEIAL OP OüKBTKUOTION. 



4. This branoh of knowledge ia a very wide one, und it 
íb esaentially proetical. Theory ia uf little uae in ita de- 
velopment; it ia all obtained by observation and experience. 
Many practica! engineere have devoted the best yeara of 
their lives to its ociiuÍBÍtion, bnt there ote many membera 
of the profeasion who havo had no oppurtunity of doing 
this, and to whtjm the want of such knowledge must olways 
be a diead^antage, cauBing them to rely on othere (ofton on 
conti'actoiB, whoso intereat ia by no meana in unisón with 
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theÍT own) for jndgmeiit wíúch it ought to be tbeir own per- 
eoaal prerogatíve to apply. 

5. It is the object of tlio presoat work to do eomething 
towards £ll¡&g ihia gap, by ofTering, for the use of Btndents 
in eoginoering, a largo amount of iuformation, gained or 
oonfinned hy practical experience, oa the important poiat 
referred to, It íb not pretended that any book-leamüig of 
this Idiid caá enpply the placo of practical obger?ation, 
which, on so esEcatially practical a matter, mnst ever be the 
most valuable of all knowledgo ; but at the same time it in 
nndoabteilly the case with thÍ8 as with other practical 
branchea of the profession, that when Buch obseryation íb 
jndiciously guided by provious study, the acquiremont of 
knowledge is immensoly facilitated, and its resulte are reii- 
derod much more tnistworthy and useful. 

6. I havo Dot entered luto any theoretical diacussions as 
to the strcagth of materials generally, a great and important 
Bobject which will be better atudied in other worka. Tho 
object hore bcing esclusivelj practical, I have only intro- 
duoed snch theoretical matter as is necesaary to esplain the 
bearing of the facta given, and to guido their practical appli- 
catioQ. 

7. I may fiírther remark that it ia no easential part of the 
preaent work to troat of tho produelio» of iron, involving its 
metaUíu^ and chemiBtry, but I have tbonght it desirable, 
for the sake of completeneaa, to add two short chapters un 
this head, compiled chiefly fi'oin the valuable works men- 
tioned in Art. 2, to which the atudent íb referred for fullor 
information. 



-¡.-r 



CHAPTER I. 



PKODUCTION OF PIG IRON. 

8. The term iron, ttongli giving to the cliemist a perfectly 1 
definite idea, ie populeirly uscd in a. \ery wide senso, süme- 
thing liko the word íimber. ThÍB latter term comprehends 
a vnriety of genera, each of which ia again aubdivided into 
different species ; and so wo may say that iron is a family 
ñame, compreliendiag all clasaes and varieties of ferrnginouB 
material. 

It Í8 diyided off, in the first place, into three great clasees, 
vory distinct and different from each other, viz. : cast iron, 
malloable iron, and stcol, and each of which íb subdivided 
agaizi into a great number of dificrent varieties. 

The dietinction between the three classes, when considered 
ehemically, is very sliglit; consisting almost entirely in 
minute differenceB in tho proportion they contain of a foreign 
siibstance, carbón, combined with the iron. Malleahle iron is 
iron nearly approaching a state of pority ; steel Las a small 
portion of carbón ; and cast iron a larger portion, but still 
only a Bmall pereentage of tho whole. 

But tho mechanicftl and practical differencea between the 
three classes are very great indeed, sog reat, in fact, as to con- 
stitute them, as rogarás thcir nse, eutiiely diffeient malcriáis. 

Each clasB fnrther contains many eub-varieties, differing 
more or lesa in thcir mechanical properties ; the difierences 
beiag canaed eithor by the admisturc of foreign subetancee, 
or by Toriations in the mompulation. 
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9, Tliese different kinda of ¡ron aro obtained, hy dif- 
fereut processeB, frum ores which aro fonnd plentífully 
over the earth's surface. In Bome cásea tbe purest material, 
malleable iron, may be obtainod iu a very simple maimer, í. c. 
by mQrely ezpusisg a certain kind of ore to heat in. contact 
with ciarcoal fuel, the effect of which is to reduce Uie ore to 
B metallic state. This was the earliest mode of producing 
iron, and it prevaÜB in some parta of the world dowii to the 
prosent day. 

10. But the eapply of iron obtained in this mode would 
neceSBaiily be very amall, not only ou occount of the Bcarcity 
of ore BTifficioiitly good to be amenahle to such simple treat- 
ment, but fiom the want of sufficient wood for fuel. The 
earlieat ironworks establifihed in England, namely in the 
Bouthem coimtieB, were workod ou this plan, but feom the 
large inroads the ironmasters mado on the timber of the dis- 
trict, it was found nccessary to prohibit the manufacture 
by the etrong arm of tho law. 

The introduction of the use of pit coal for iron smelting, 
about the midJle of the laat contury, at once changed the 
aspect of the iron manufacturo, as it not only brought into 
uso the great fuel-storea of tho carboniferous formationa, bnt 
made available all the immenso massea of inferior ore 
existing in the coontry. 



11. Thia chango brought about a cariation in the modo of 
production of the iron. With coal it waa no longer possiblo 
conveniently to produce tho purer yariety, malleable iron ; it 
was easier to get in the fiíst instance the moBt impuro form, 
caat iron, trom which the other Tarieties were af tcrwarde made 
by anbseq^uent tieatmcnt. 

The ordinary modera procesa of iron production may 
thereforo be briefly stated as follows i — The ore is emelted 
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ivitb coal or coke ia a blüst fumnce, and the product i: 
íj'on, B. form of cast iron, being metallio iron eombined w 
tbe higbest proportiou of oarboB, and contaimog alBO oÜitsB 
impiiritieB, 

To produce malleable iron tliia pig ¡ron is snbjected to a 
procesa called puddlinif, by wbich carbón and other irapuritiea 
UFO takeu out, and tbe iron assiunca a purcr condition. 

To produce Gteel, wrougbt iron is snbmitted to o, procesa 
called comentation, tbe object of whicb is to re-introdoce a 
certain dose of carbón, sufGciont to give tbe metal tbe pecu- 
liar Bteely cbaractor. 

It will be deairable now to follow out tbeee procesBea j 
Kütnewbat more in detail, so far at least as tbe pi'odnctio 
of cast aiid malleable iron is concontcd. 



Iboh Obeb. 

12. Tbe eombinations of iron found native are very v 
in their charactor ; but tbe only forma uscd for tbo pro- 
duction of tbo metal in commerce are certain oxides a: 
bonates, of wbicb tbe- cbief mineralogical charactcristics a 
aB follow ;— 

The Besquiomde (Percy), ortbepei-ímáe(Bonermami)o: 
(Fe° O'), occura abundantly in a nearly puro state, form- 
ing tbe bard and brilliant mineral known as hmnatite. It 
eoutains 70 per cent, of iron, and is tbo basis of a large 
number of iron ores, known under tlie following namea ; * — 

Specidarircm ore, oligiste, or iron glance, includca tbo brilliant, 
hard, well-cryatallized foims, such as tbose of Elba, Brazil, 
Vesuvins, &o. 

JHicaceoiw iron ore includes all tbe scaly crystallme varie- 
ties, such as tboao of South Dovon, wbicb are looaely eohe- i 
ront, aud similar to grapbito in structuio. 
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Kidaey ore includes tho liitrd botryoiilal fonns, ancli iis 
thosB üf Cumburland, which oro devoid. of motallío lustre. 

Tlie term Bed ffenuxlUe ie commonlj uaed hj Engliisli 
iron smeltera for ull roiiioralB consisting oasentially of tiuLy- 
droiiB poroside of iron. 

Tlie ses^nioxide of iron ia largely manufactored in tlie 
state of amorptiouB pondcr, uscd aa a pigment (cLiefly in tlie 
ooramiu orts), to prodnco tinta of red, brown, and violet It 
íb alao nsed for polishing plato-glass, and whaa vury ñnely 
levigated, forma the plato-powder called rowje. 

Urtmn iron ore ia a term used to designato tLe compact 
and Garthy minerala, in wliich wator ia combined with tho 
peróxido of iron (2 Fe' O" + 3 HO), tho peroontage of i 
according to the formula being 59 '9. 

A combination of the peróxido with tho protoxide (Fe O), 
in equal ocjuivalonta, occurs in naturo as a dcñnite mineral 
known aa magnetite, or magnetic iron ore. This contains 
72-41 per cent, of iron. 

The oxides of iron combine freely witU carbonio aéid, 
forming carbonate of iron. Tiie most importout of theae ia 
an anhydrous carbonate (Fe O . C O' j, which ia f ound abnn- 
dantlj in nature, either crystallizod puré, or in combination 
with carbonate of lime, day, or other substances. Tho former 
cryatallino varietiea are called epolhk ores, while the term 
day land or clay ironslone ie appüed to the amorphone 
argillaoeoua ore found in the coal measures, and blach band 
to that containing bituminous or carbonaceouB matter. 

13. The aboTo descriptions are on a miaeralogical baeia ; 
but in tho actoal etato of things the minerala are fonnd 
largclj mixed up with foreign oarthy mattcra, the amount 
and nature of which havo au importaut iudueuce on the 
quality of the iron pcoduced and on the eoonomy of pro- 
dnction. 



TíoK ofpia mas. 

It wonld bo impossiblo hore to give any fuE aecoimt 
of tbe oreB actuallj tiscd for iron mnkiiig ; b. brief notice of 
some of the more importaat ones muet aiiffico. 

Iron orea aro found in geological formations of olí agea, 
but tbe greattíst development appeara to bo in tbo older 
rocka. The largest and ricbest deposits aro contained in. 
prc^ilurian strata, such os tbo Lanrcntian and Huronian 
B^toms of ^ortb America, and tbo oíd gnoies and gcbiats of 
Scandinavia. Spathic oroB and bigb-clase bematites are 
cbaractcrietically abundant in tho Devonian rocka of Geiv 
rnany and tbo eoutb of England. The carboniferous period 
Í9 especially marked by tbe presence of interstratified car- 
bonates (Staffordsbire, Torkebire, Scotlond, and Soutb Wales, 
for eiample), wbilo tbo moet importan! depositB of red 
bematite in IHb conntry are contained in the carboniferoua 
limeetones of Gumberland and Lancosbire. In tbe secondary 
rocka, the chief iron-bearing mcmbors ai'o tbe Wealden and 
lowcr grecnsaad (Susscx), and tbe middle lias and great oolite 
(Nortbomptonsbiie, Cleveland), 

14. Mr. Traran claasifiea the ores of Great Britain into 
fonr grcat divisions, tbus : — 

A. — Tho argillaceons ores of tbo coal formations, baving 
clay, but sometimeB silica, as the chicf impnrity. 

AJÍ tbe great coal formations bitberto discovered contaín 
iron ores in greater or lesa abmidanco. Staffordsbire, Woles, 
Derbyshire, Sbropabiro, and the Scoteh coal-fields contoin 
valuable eeoms ; ond Sonth Wales etands pre-eminent for tbe 
number and ricbness of ita argiUaceoua iron ores. Tbo 
aggregate tbickneas of tbe seams measurcs 21 feet; the 
ricbest yield upwarda of 40 per cent, of metallic iron, and 
tbe average oxcoeda 32 por cent. 

£.— Tbe carbonaceous orea of tbo coal formations, distiii- 
gnished by tlioir largo porcentage of carbón. 
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Tho raoat valuable aeams of tliia belong to tíie Sootch 
conl-fielde, and are often known by tlie name of htack band. 
The richoat give obove 40 per cent of metallic iron. Some 
of this ore is also found in South Wales, 

These two kinda, A and B, together forra probubly one- 
haK of the total annual produce of tho United Kmgdom, 
They are often worked in conjunction with coal eoama in 
the eame pits. The yicld of ironetone in Bome of these 
districte íb from 2000 to 7000 tonB per acre of land. 

C, — The calcaroouB or spathic oreB, or the sparry oar- 
bonatea of iron, having limo as their chief earthy admiz- 

These are principally obtained from workings in the car- 
boniferons or monntain limeatone, and aro foond chiefly in 
tho Forest of Deas, Lancashire, and Cnmberland, bnt also to 
a Bnmll eitent in StaSbrdBhire, YorkBhíre, Scotland, Derby- 
ehire, Somersetshire, and 8outh Wales. 

The averago yiald of the Forest of Deaa oros is aboiit 
37¿ per cent 

D. — The fliliceous ores, having silica as their predorainat- 
ing earth. This class Íb subdivided into the red and brown 
hematites, the ores of the oolitic formation, the whito car- 
bonates, and the magnotic oxides. 

The red hematites of Lanoashire and Cumberland are 
probably the richest orea of iron in thia country ; they occnr 
in magni£cent beds, 15, 30, and oven 60 foet in thickuoBB. 
They are of extreme purity, containing 90 to 95 por cent, of 
perojdde of iron, or G5 of metallic iron. The pig mode from 
them is pecoliarly in domand for making steel by the Bessemer 
procese, as well as for mixing with inferior hiuds of metal. 

Tho beds of ironstone lately opened in the oolitio Cleve- 
land diatrict of Yorkshire, are of great eitent, yielding on an 
avenige about 30,000 tona per acre, The ore contaius from 
25 to 50 per cent, of iron. 
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15. It ia not, however, all pnre ore, or " mine," whicli i 
used for tte production of iron. Since the introductioii 
of the bot blaat, pig iron has beon aleo made from the 
refuBe " tap cinder," coming from the piiddling procesa, and 
which is fonnd to contain a large qnantity of iron. As, 
howeyer, the cinder is a, reeeptacle for impnrities, the metal 
reealtiug from it ia of inferior quality, and is called " cinder 
pig," to dietinguish it from "mine pig," which is smelted 
from ores alone. 

At the same time, cinder iron has some advantagoa ; it is 
Tcry finid when melted, and Í8 consequently very useful for 
foTindry pnrpoees where great fluidity is desired, and where 
strength Í8 not important. AJro, for hcavy castingB, and for 
other pnrposes where soundncss is particularly aimed at, 
cinder iron ie fonnd useful as a mixture. 



Calcina TIOK. ^\ 

16. Before smelting the ores, it is advontageons in most 
caBGB to snbject them to the acticn of hcnt, by a proccas 
called caldTuUion or roaeting, and which ia olfected cither in 
tho open air, by stacking the ore loosely with coal in ahór- 
nate JBjeiB and Betting ñro to the heap, or in kilns arranged 
for the purpose, which are considered preferable. This pro- 
cesa waa formerly applied to nearly all ores, bnt einco tho 
hot blast has beea introduced, it has been sometimeB omitted, 
and the ore smelted in its taw state. 

17. The advantagea of the calcining operation are of two 
kinds, mechauical and chomical. In the fií'at place, the 
amomit of iron is concentrated into a smaJler weight by the 
removal of water, earbonic acid, aad other volatile matters ; 
and as the fragmenta of mineral rotain their form, they are 
rendered poroua and more readily ausccptible of the operik- 
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tíoDS in tlie fumace, Tlie Becond or chomical object of 
toasting Í8 the eipulaion of tlio sulphnr froni irou pyñtos, 
4c., and tho conversión of proto- into per- oxides, wliich. 
focilitates cortain aubsoqnent operations. 

The argillacoous ores lose, during the process, 20 to 30 
pee cent., the carbonaceons 30 to 40 per cent, of their weight. 
In Scotland, the coaly matter in the bhick-tiiind ore is alnioEt 
Bufficient in itsolf to effect the calcination, and the loes íb 40 
to 50 per cent. 

SUELTINO. 

18. The rednction or smelting of iron ores ia effected 
chemioftlly by one solé agent, namaly, carbón, which, applied 
at a hígh temperature, seizes the oiygen of tho oxide of iron, 
and allowa the metal to flow away in a molten stato. The 
carbón necessary for thia purpose íb conyeniently fumiahed by 
tho fuel nsed for producing the heat ; and aa thie is an 
impoitant element in iion manníactnre, it ía neceasary to say 
a few words upoa it. 

19. At first tho kind of fuel need in the mamifacture of 
iron waa nnivorsally charcoal ; and on accomit of íts purity, 
compared with othor kinds of fuel, it is still of great valué 
for the best descriptions of iron, when it can be obtaiaed 
in lot^e quantities at a rcaaonable coat. It waa uaed in the 
eorly ironworks ín Englnnd, and it ia atill employed to a 
considerable extent for the £nost Ensatan and Swcdish irona, 
the wood being furuiahed by tho largo foreats there. 

The uae of p¡t coal aa fuel waa introduced about the 
middle of the laet ceutury, and it waa this which at once pnt 
Great Britain at tho head of tho iron-making counti'icB of the 
world, from her largo and oaaily accessible coal-fields, and 
their cíese asaociation with tho iron oree. 



Before the iatroduction of the hot blaat, the cool WM 
gener&Uy coavertod into cohe, to aBSÍimlat« it as nmcli 
poasiljle to tho original aud better material. But the hot 
blftst has onablcd iromnaaterB to dispense, in mauy coses, 
witb the coking procoss, and to neo raw coal in the fur- 
nacea. The quality of tiie íron has, however, Buffered by 
the change, as tho aulphur and other deleterions ingre- 
dientBj which are partly elinmiated, by the procesa of 
coking, remain fully preBcnt in the fnmaoe when raw 
coal is UBcd. 

It is only certain aorta of coal that are found anitable for 
nse raw ; othere have been tried, but failing to give 
factory resulta, the coking procesa Irne been rotained. 

20. In the tr«»tment of tlie orea in the einelting fumace, it 
is neeessary they ehould be accompanied with a proper Jlux, 
the object of which is to combine with the earthy matters of 
the ore, and íona a fusible " slag" which shall sepárate from 
the iron and nin easily away. The principal flus uaed is 
Ihnestone, which is generally found in tho neighbonrhood of 
the coal and the ironstone. The proportion of flux uaed ie 
snch aa is found by experience to produce the moat fuaiHe j 
combinatiou. | 

21. The operation of amelting is conJucted in a íiZtwí 
furtuice. All those who have viaitod iron-making districta 
muat bo familiar with tlie esternal appearance of this great 
apparatUB, and a general idea of ita internal constniction wiU 
be obtained from the figure in Ait, 25. It may be conai- 
dered as a largo vertical shaft or chamber, whose interior is 
of a bellied form, narrow at the top and buttom, and widening 
out in tho middle, The widest part is callcd tho boshea 
(probably a corruption of the Germán word íiaacíi, belly), 
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the part above is callcd tho stock ; and the lower part of ^^M 
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the fnniBce, where the molten materials fall and colleot, ia 
caJled the /learií. 

The eiteniftl Btrncture íb a maseive building of masonry 
strongthened wíth iron, or índced often encloaed in an iroD 
casing. lí ÍH provided with large arched recesscB at the lower 
part, to giye accQss to the opcuings in the farnace horoafter 
mestioned. 

The ulterior of the fumace ia liaed with fire-hrick, to 
witbatand the grent heat. A Bmnll ansnlar spoce, filled with 
sond or loóse material, is left hetweon the intcnial lirdng 
and the esternal strncture, to allow of changee of form by 
expansión. 

At the top of the fumace ia n cylindrical chimney CEtUed 
the lunnel-head, for protoctiog the workmen from the heated 
gaaea, and having ono or mure iron doora, throagh wbich 
the chargea of ore, fuel, and flus, are thrown into the farnace. 
Thia ia surroundod by a platfonn for the convenience of 
charging, and the materiala are nsaally raisod to this level 
by lifts or inclined planea. 

In froEt of the farnace, protected by a roof, is the catling 
hoitse, wbero the metal is run from the furnace into moulds. 

The blast air ia introduced at opcninga a little above the 
hearth by small pipea called twyers (French tuyaux). 

22. The dimensions of blast fiimacoa are yery varions; 
they are now made mnch larger than formerly. The oon- 
ditions líjniting the heiglit are mainly dúo to the character 
of the ores and fuel (as regards their power of reaiating 
cruabing when eiposed to the pressiue of a tall eolnnm of 
material) and the power of the blast. In Cleveland, where 
very hard coke is employed, thqy are 70 feet and upwarda in 
height, but tho neual height varica in Great Britain from 45 
to 60 feet ; the internal diamoter at the boabes, from 11 to 
20 feet ; and the cnbic contení from 4000 to 10,000 cubic feet 
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23. The blast air, which has to be provided in largo quan- 
tities, and at a considerable pressnre, is fumished by hUist 
engines. Each oí these consists of a large cylinder or air 
pump, in which, by the direct action of a steam-engine, the 
air is compressed to the requisito density, being then forced 
out to supply the fumace. These cylinders are sometimes 
very large. Those at Dowlais are 12 feet in diameter and 
12-feet stroke ; the área of the admission valves is 56 feet ; 
and they work twenty double strokes per minute. The main 
blast pipe is 5 feet in diameter. For a large blast furnace 
there will be required about 5000 to 6000 cubic feet of air 
per minute, which is compressed to such a volume as will 
give a pressure of three or four pounds per square inch. 

The motion of the blast engine being intermittent, its 
delivery of air is irregular ; but as the supply to the fumace 
must be equable, it is regulated by admitting the air into a 
large reservoir, usually made of wrought iron, and whose 
volume is several times that of the blowing cylinder; the 
expansión and contraction of the air in this, under the inter- 
mitting action of the supply, tend to reduce the irregularity, 
and to discharge it in a more equable stream. 

24. Down to 1828, the air was supplied to the fumace ai; 
its natural temperature ; but in that year the hot hlast, one of 
the most important discoveries ever made in the iron manu- 
facture, was introduced and patented by a Scotch engineer, 
Mr. J. B. Neilson. The progress of the invention, as of most 
other improvements, was slow. There had previously been 
an impression that it was advantageous to admit the air as 
cüld as possible, and contrivances for its refrigeration had 
actually been used. Henee there was a great prejudice against 
the innovation, and moreover many practical difficulties were 
found in carrying it out ; but the prejudices and dif&culties 
were alike overeóme by time. The heating of the air was 



fannd to be attended with. a grent econoiny of fuel, ascl at tho 
same time tho workmg power of the fumace waa increoeed. 
Henee tho hot blaat mnde its way, and it is now emplojed ín 
iron emelting all over the world, tho oíd plan boing only 
retoinod for certam special makes which commaud an extra 
price, and aro bottor produced in that way, 

Tho air is heated by wbat ia called an oven or etove, con- 
■ sisting of a series of tubes, placed in a chamber of fire-brick, 
and boated extemally by a firo, or by the waate gasoa from 
the fumace. The air as it issuos from the blast reservoir ¡8 
made to pasa thro«gh thoso tubos, and having tbus acqnired 
the desired temperatTire, is led away irumediately to the 
twyera, The hotter the blast, tho groater is the saving of 
fuel, but practical conaideíatiüns usiially limit it tu abeut 800 
dogroes. 

An improvod form of Btove has latoly beca introduced by 
Messrs. Siemens and Cowpor, in which tho tabes are reploced 
by narrow passagos throngh brickwork ; and by a particular 
disposition of the beating airangoments, a higher hcat can be 
ohtained than formerly, with economy in fuel. 

With regard to the merits or demerits of the hot-blast 
procesa, much has been said on both sides, and tho queation 
doGS not oven yet aeem to be deÜnitely settled. It is often 
asserted that the hot-blast tends to deteriórate tho quality of 
the iron, and it is undeniablo that hot-blaat iron is gonerally 
of inferior quality to cold blast ; but this is probably dne, 
uot to the ofl'ect of the procesa itself, but to tho faeility it 
has given for worlcing inferior orea, cinder hoapa, and other 
materiala of a worao character, and ao for tuming npou 
the markot a class of irou which, luider the oíd Bystem, 
coald not have bocn made. Thero ia no doubt that the 
hot-blaat procesa has much incroaaed and oheapenod i 
production, and therefore has been a bonefit to the ii 
facture. 




25. The foUowing fignre (borrowed firom Sir WiUiam 
Fairbaim's work) will ehow iu a BÍiapli£ed form Ü¡& general 
arrangcment of the apparatuB for iron-amclting works. 
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The blowing engine is snpplied with stoam by five boüers. 
J ie the blowiog cjlinder (shown in Boction), from whicb the 



air ¡B forced into the regulnting roceiver K, made of wronght- 
irüa boUer-plate. From this it paeses by Üi<¡ pipe L ¡ato the 
Leating otühs, one of which is siovm in sectiou at M, and 
Üie pipe N conducta it, wheu heated, into Ite blast fuinsoe B, 
In this, A ¡8 the hearth, B the boahes, £ the tumiel-hettd, 
F F are the charging doors,//the twyere, 



w the three matotials, roastod ore, flus, 
and fuel, to be properly propared, in pieoes of suitable size, 
they are weighed ont in proper proportions, and introdaced, 
in altérnate chargea, into the tüp ef the blaut famace. The 
fumace ia filled with the oombined materiala, and the whole 
moas íb kept in an incandescent Btate by the oporntion üf the 
blast, which muat of conrae bo introduced at 6uch pressnre 
aa will ciiQao tho air to pass freely throngh the contenta. 

Tho action of the fumace íb as followa : — The contenta, 
being iutimately mixed, and hrought to an intenae heat by 
the combustión of the fuel, ate softened and lenderod capable 
of chemical action on each other. The ore conaists of oiide 
of iron oiid carthy matters, and these two elements undergo 
sepárate aetiana. The earthy mattera are bruught into tho 
aphere üf action of the limestone flus, which parta with its 
corbonio acid and forma with tho earthy ingredientB of the 
ore a liqnid alag ; while the particlea of oxide of iron are 
attacked by the incandeaoent carbón of the fuel,or by the 
heatcd. carbonaceouB gases, or both, which rob them of their 
osygen and leave the particlea of metal froc. 

Were tluB aU, however, the metal would not be Kquid 
enough to flow away eaBÍ1y,but another effect takes place simul- 
taneoualy with the freeing of tho iron, namcly, its combination 
with another portion of the carbón of the fuel, which convcrts 
it into eoíí iVwi, and givea it the necesaary fluidity, 

The reault of all thia ia that the liquid slag and the molten 
metal drop down togothor to tho hearth, or bottom of the 
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fumace, where they coUect, in two layers, the iron, by its 
greater specific gravity, at the bottom, and the slag floating 
above it. The slag in this position serves to protect the 
iron £rom the oxidizing influence of the blast above. 

27. The gases which escape from the top of the fornace 
eontain a large portion of carbonic oxide, which is capable, by 
further combination with oxygen, of burning and giving out 
considerable heat. This was formerly allowed to vent itself 
into the air, forming a great flame ; but of late years attention 
has been called to this waste of heat, and the gases have been 
led away by proper channels to places where, by combustión, 
they form useful fuel. 

28. The molten iron is allowed to accumulate for twelve 
hours, more or less, when it is drawn off by a narrow vertical 
slit at the bottom of the hearth, called the tap-hole, During 
the time that the hearth is filling, this hole is stopped by 
a packing of sand, rammed in tight, which is easily re- 
moved by ai pointed bar, when the time comes for rmming 
the metal off. 

The iron then runs into a series of grooves, or furrows, 
formed in a sand floor immediately in frout of the tap-hole, 
and these, when separated from each other, form pigs, They 
are of a convenient size for sale and handling, usually about 
4 or 5 feet long, and of a D section, 3 or 4 inches wide and 
deep, and weighing about 1^ to 2 cwt. each. 

When the casting is completed the tap-hole is again 
closed, and the collection of the iron proceeds as bef ore. In 
this way a blast fumace is kept continually going, night and 
day, and never ceases to work till repairs are necessary. 

29. The slag or molten cinder flows out of itself from a 
notch or hole in the hearth, situated at a little higher level 




than the tap-hole; so that when the accumulatidii of 
and elag ie bo great as tü bricg tho slag to this Icvcl it íb 
diacharged. It ia gonerally received into small boxea, or 
tmckB, by wliidí it ia carried away, and wheu hard it is 
depoBitod in a waste heap at some d¡BtancG. 

The slag ¡ndicatoe by its appearasce the manner ia which 
the fiímace Íb worldng. Tbus : if it be liquid, noarly trana- 
poront, or of a liglit greyiah colour, and with a fracturo like 
limestone, a fuvouTablo átate of the furtiace ia inferred. 
Tints of blue, yellow, or green are caused by a portion ef the 
oxido of ¡ron passing inte it, and ahow the fumace íb working 
cold. The worst appeaninoo of the cinder, Lowever, is a 
doep brown, or black colour, the alag flowing in a broad, hot, 
rugged strenin ; thiB indícales thut the supply of fuel íb not 
,e the whole of the ore. 



30. The pig iron produced from blaat furnacca ¡ 
BOTeral difforeat kinds, and is used for different j 
acoording to the quality. Thero are two main distinctiona ; 
namely, foimdry pig, which is iised for re-meltíng for foundry 
purpoaea, to make articlea ia cast iron ; and forge pig, which 
is nsed to aiako malleable iron by the pnddling procesa. 

The former clasa^uíj, fonndry pig — ifl dÍBtinguished by 
containing tío most graphitio carbón ín its compoBition ; it is 
Boft, and of an open, large, crjBtalline testurc, and of a dull 
grey coloiir. Thore aro several varieties of this kind of pig, 
distiaguishcd genorally by uunibera, from 1 to 3 : the No. 1 
being tho lai'gest graíncd, and the greyest io colour ; Nos. 
2 and 3 being elosor, harder, and whiter. 

Beyond thia tho pig becomes forgo pig, which contains less 
graphitic carbón, is hard and ¿ne grained, and generally 
whíte, but aoniotimeB of a mottled appearance, by the mixture 
of wliite and grey. The Tarietiea of forgo pig aro dÍ£BcuIt to 
reduce to any simple claaaification, as they dopend much on 



tlie character of the ore ftnd the procesa of smelting; they 
BTQ distinguislied by specinl ñames, auch as Mino Pigs, Best 
Mino Pigs, Hydratea, Cold-BIaet Pigs, &c., with often the 
ñamo of the maker appended. 

Tho relativo greynesB or whitenessof thepigiron.althougli 
snfEcient to indícate generully the pm-pose to wbich the iron 
is befit adapted, fumishea no reul standard of quality. 
Tlie grey or wliite condition may be produced at pleasure 
üom tho same ore, by aitoring the conditiona of the workíng 
of the fnmace. With a low teniperature and a high burden 
of materials, white iron ia produced ; with tho contraiy con- 
ditions the iron becomes grey, 

Other thinga beiug equal, white iron can be produced more 
cheaply than grey, as tho same amount of fiíel is made to carry 
a larger burden of ore, and the charges are drawn more 
rapidly. As, however, the white iron can only be usod for 
foi^e purpoaes, while the grey iron haa a more eitensiTe 
application and commands a higher price, the production of 
the moro expensive produot is oftea the moet adrautageona 
to the maker. 

Wliite pig ¡ton melts at a lower temperatnro thnn grey, but 
becomes lesa perfcctly fluid, and flows in a eluggish atrottm. 
When both kinda of metal are contai&ed in the hoaith of a 
blast fiiruBee at the samo time, the whitest, being tho 
heaviest, goea to tho bottom, and will be fouud in the first 
pigs obtainod £rom the cast. 

FonEiGN Inobediehts in Ikon. 

31. Pig iron, although it posseases in a largo dcgree the 
propcrtioa of motallic iron, ia far from heing puré ; for in 
the pioceas of smolting the freed metal has combined with a 
portiou of tho reducing agent, as well as with other substonces 
contained in the ore, the 'fuel, or tho flux. It will be woll 
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here, therefore, to mention tho voiious foreiga substancos 
vhich aro usnally found in combinatioE witü irou, nuil to 
notíce the etfects of thoir presence oa the pig, or oa the iron 
produced tberefrom. 

32, Puré iron ia a compact stato haB beea very imper- 
fectly investigated. Certain varietiea of wrongUt iroa ap- 
pToach most aearly to the puro metal ; but tlioj are all iu a 
sensible degroe impuro. Small specimeaB, as noarly pare as 
chemical care caá get them, have bees occaeioaally pro- 
duced íb the laboratory, aud they aro deBcribed as giving a 
metal approximatiag íd whiteaeea to eilver, extromcly tena- 
cious, malloablo, Boñei thaa ordinary bar iron, and with a 
dygtalliae &actaxe. It bas a Epccifíc gravity varf ing from 
79to8-li. 

Iroa crystaUizee in the cabical Bystem. Its epecifio heat 
isaboutO'114; that is, to heat llb.of iron requires the saino 
quantity of heat as is neceesarf to heat O' 114 Ib, of water 
throngh the same number of degrees. 

Its linear dilation by heat is about 0-000111 to 0'000126 
for eaoh uait of length heated 1° Ceatigrade. 

Pare iron is fusiblo ; but it requirea a very high temperature, 
estimated at 1650 C. It may he fused perfectly in tho motal- 
lurgist'a asaay fnmacea, where platinum remaina infusible, 

It has the i'emarkable and Tory important proporty of 
oontinuiug aoft through a considerable rango of tempe- 
rature below ita molting point. At a bi'ight red heat it ia 
so aoft as to admit readily of changea of shape by mili , 
forge, and Emithy operatious : anch aa rolling, haouueriag, 
preasiug, stamping, &c., &c. ; aad whon the heat is raised 
to whitcncas it becemcs poHy, ao that whon two pieces at 
thÍB temperatuie are prCisaed together, they unite iittiaiately 
and firmly, whicb is the operatíon callod aelditu/^ These 
operationa will be treated of more particularly horeafter. 
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The proportions oí the foreign ingredients found in mar- 
ketable iron are but small, but thej exercise a most powerfal 
eñect, giving rise to tbe remarkable varieties in tbe quality 
and properties oí the material, which we shall hereafter have 
to consider. 

83. The most important foreign element is carbón. Dr. 
Percy says : — 

The influence of this element in canslng yariatlon in the physical 
properties of iron, is one of the most extraordinary phenomena in the 
whole rnnge of metallurgy. Under the common ñame of iron exe 
includod virtually distinct metáis which in extemal characters dtffer 
far more from each other than many chemically distinct metáis. 
Without carbón the manifold nses of iron would be greatly restricted, 
and BO far as is yct known, no other metal or mixtures of metáis could 
bu applicd to these uses. 

When carbón is absent, or only present in very small quantity, we 
have wrought irouy which is comparatively soft, malleable, ductile, 
weldable, easily forgeable, and very tenacious, but not fusible except 
at temporatures rarely attaiuable in fumaces, and not susceptible of 
tempering like steel. 

When carbón is present in certain proportions, the limita of which 
cannot be exactly prescribed, we have the various kinds of steel, which 
are highly elastic, malleable, ductile, forgeable, weldable, and capable 
of receiving very different degrees of hardness by tempering, even so 
as to cut wrought iron with facility, and fusible in furnaces. 

Lastly, when carbón is present in greater proportion than in steel, 
we have cast iron, which is hard, comparatively brittle, and readily 
fusible, but not forgeable or weldable. 

The differences between these three well-known sorts of iron 
essentially depend on differences in the proportion of carbón, though 
other elements may, and often do, concur in modifying to a stríking 
degree the qualities of this wonderful metal. Ours is emphatically 
the iron age, and it may be confídently asserted that no other element 
has contributed so largely to the civilization and happiness, and may 
we not also add, paradoxical as it may seem, to the misery of mankind. 
But let US not forget that carbón has done its share in this good and 
evil work. 

The following indications as to the quantities of carbón in 
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tile different Turietics of the fenuginous matorial, are given 
by Dr. Percy, on tho anthority of the colobrated Gernum 
metallorgist, Earsten. 

It 18 coBsidored that the máximum of carbón with which 
iron ctttt combine ie 5*93 per cent. 

Puré iron, perfectly freo from carbón, is so Boft, that it 
offera but little reeistance to friction, and is therefore 
unfitted for moet of the piirposes to which thc ordinary metal 
íb applied. When combined witli carbón not eicoeding 
certain limita, it inorensea in tenacity, elasticity, malleability, 
dnetility, and hardneBS, and becomea "ateely." 

The pasBage from thiB into steol is bo gradual and insensible, 
that it is impoBsible to prononnce where stocly iron ends and 
steol bogina. But when the property of hardening by sndden 
cooling after heating is well developed, so that eparfes will be 
given witli flint, the metal becomea decidedly " steel." The 
proportion of carbón necessory to give this qiiality is influenced 
by othcr ingredients which the metal may contain ; the more 
free it ia from foreign matters — especially silicon, sulphur, 
and phosphonis — the larger is tho amonnt of carbón necea- 
sary. In very pme iron 0'35 to 0'5 per cent, is necesBary ; in 
lesspure, 0-2 to O- 25 wiUsuíBce. From thisto 1-0 or 1*5 
per cent, gives the ordinary range for steol of Tatione kinda. 

Above 1'5 per cent, of carbón will gÍTo still greater 
hardnesB, but only at the osponsc of tenacity and weldability ; 
with 1'75 per cent, tho last property íb almost completely 
loat. With 1 ■ 8 per cent, iron may still, with great difSculty, 
be worked and drawn ont undei the hammcr ; and altliough 
Tery bad, it yet retains considerable tenacity. 

When the carbón risea to 1'9 por cent,, i 
metal ceaaes to be malleable while hot, and 2 per cent. 
appeara to be the limit betweeu Etccl and caBt iron ; when 
the metal in the softcncd Btate can no longor bo drawn oat 
without cracking nnd broaking to pieces under tlie hammcr. 
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From 2 per cent, therefore to the máximum, casi iron is pro- 
duced, and the larger the proportion of carbón, the harder, 
whiter, and more fusible does it become. An example of a 
highly carbonized and crystalline white iron is what Í9called 
" Spiegeleisen" pig, containing about 5 per cent, of carbón. 
It crystallizes, as its ñame implies, with large mirror-like 
cleavage planes. 

The following Table, given by M. Bauermann, will conve- 
niently illustrate the above data : — 



1 

2 

3 

4 
5 
6 

7 
8 



Ñame. 



Cast Iron 



>j 



Percentage 
of Carbón. 



Malleable Iron 
Steely Iron . . 
Steel 



0-25 
0-35 
0-50 



Properties. 



{' 



Is not sensibly hardened by sudden 

cooling. 
íCan bo slightly hardened by 
\ qnenching. 

íGives Bparks with a fliut when 
\ hardened. 

{1*00 to Vi Limita for steel of maxmrnm hard- 
1 • 50 ) \ ness and tenacity. 
1*75 I Superior limit of welding steel. 

íVery hard cast steel, forging with 
\ great difficulty. 
Not malleable hot. 
íLower limits of cast iron cannot be 
\ hammered. 

(Highest carburetted compound ob- 
\ tainable. 



1-80 
1-90 
2-00 

6-00 



But independently of the large variations of the quantity 
of carbón in iron, and the remarkáble series of changos due 
thereto, there is another element of variation in respect to 
this admixture, which also produces very diversifíed results : 
the carbón may be present in the metal in different forma. 
It may either be perfectly and chemically combined with the 
iron, or it may be sepárate, and only mechanically diñused. 
These differences are best illustrated by well-known facts in 
regard to pig or cast iron. Of this there are two distinct 
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kinda, grey and wliite. They differ widely in colonr, Iiaid- 
nesB, brittloness, tcnacity, and fuBÍbility, Grey iron has a 
Hgher melting jioiut than white iroB, and in fnsing it pasees 
almost instautly from tho solid to the liqtiid Btate, when it 
becomes veiy fluid, White iron, on the other band, is acted 
on at lower temperatare, wheu it becomes first eoft and tLen 
paety before melting, It wae formerly supposed tbat tbcso 
diflbrences wcie due to the larger amount of carbón in grey 
tban ia n'hite iron ; but this opinión wob fonnd to be crroneoiia, 
as grey iron was oftea convertible into white, and tice versa, 
witbout any ebonge ia tbe proportion of carbón, TLe expla- 
nation now giveii ia tbat in wbite iron the carbón íb in 
cbemieal combination, whereas in grey iron it is partly 
Beparate and diüTuBed tbrougb tbe mass in tbe form of ci'ystals 
of " graphite," ivbicb giye tbe grey fracture and tbe soft 
textore, Changes in tbe eondition of tbo carbón are very 
oommon in manufacturing processes,* and wül be noticed 
hereafter. They are very intcrcsting in steol, aa they are 
Bupposed to bavo to do, in some way not yet clearly known, 
witb tbe remarliBblB cbanges produced in it by tompering, 
It is supposed tbat tbe state of combination in steel dependa 
on the treatment to wbieb tbe metal is Bubjected," In son 
steel it Í8 supposed tü be grapbitic, but in bard, cbeniically 
oombjned ; and tbe tempering procesa probably dopends un 
cbanges prodnced in tbi8 particnlar. 

Mr. Styffe saya (Art. 33) :— 

When the proportion of carbón ia ímu oí eteel ia increaBod, wbiUt 
other oonditioDa remain tlie same, the limit of elaaticitj, as well as the 
tensile atrengtb, ís to a c«rtain exteut increaaed ; but tiie extensiíiUitj, 
os the dontrary, is diminished, The teñóle Btrength, wbicb in good 
BOft ilOD mny be eatiíanted in round nmnhers at 21^ tona per eqnare 
inch, Beems to attain its tuaxiiaum ia stoel contninirg aliout 1-2 per 
oent. of carbflu, and ia then, in good cast steel or Bestiemer uteel, about 
(il^ toiiH per squGJO íncli. 

■ See remarles at length by Dr. Percj, jiagu 116, Ac. 
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34. Silicon exists largely in iron ores. It is mostly 
separated in the glassy slag and cinder which form the refuse 
of the smelting process ; but it enters also to a considerable 
extent into the resulting pig iron. When this is converted 
into malleable iron, silica is further separated in the refíning 
and pnddling fomaces, and also sqneezed out in the hammer- 
ing and rolling operations. Indeed it is to the more and 
more perfect expulsión of this substance that the improve- 
ment oí wroiight iron, by re-beating and re-woVking, is in a 
great measure due. When present in wrought iron it 
renders it hard and brittle. 

35. Iron has a strong affinity for sulphur, and many 
varieties of the compound exist in nature, of which the best 
known is that called iron pyritea, a bisulphide of iron, so 
abondantly fonnd in coal. Sulphur is a very common im- 
purity in manufactured iron, being derived either from the 
ore or the fuel, or both. A small proportion of it in iron 
imparts the defect of red shortness. 

36. Phosphorus will combine with red-hot iron, cansing 
much increase of incandescence. When it is present in the 
ore it passes easily into the metal, and has then, if in more 
than a very small quantity, a decided effect on the mallea- 
bility and strength, rendering itwhat is called cold aJiort, 
i. e, brittle when cold. Malleable iron containing O • 3 per 
cent, of phosphorus is somewhat hardened, but is not sensibly 
afíected in tenacity ; with O • 5 per cent, it becomes somewhat 
" cold short ;" with O • 8 this quality is very decided ; and 1 • O 
per cent, makes the metal very brittle. The eflfect of phos- 
phorus on cast iron is to diminish its strength, but to increase 
its fusibility : thus making it less suitable for engineering 
purposes, but more so for delicate ornamental work. 

Mr. Styffo says (Art. 33) that a small proportion of phos- 
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phürus íq ÍTon gcnerollj raiscs tbe liiuit of elasticity and 
the teneile Etrength, and theiefore alao the liardneBS of tbe 
metal, but at the same time it diminishea its estenBÍbilitf. 
This, however, ia dependent on certaiu conditions, whicb 
limit tbe gonernl application of tbe rule. 

37. Matiganese is of great valué in iron whicb is intcnded 
to be conveited into etetl by puddling, os it tends to binder 
tbe removal of carbón, oside tif manganeso beÍBg undecom- 
posable by oarbon in un oxidizing atmosphero, 

38. Areenic is a raro impnrity ; when it occnra it pro- 
duoes red shortness in wrongbt iron, and is favonrable in caat 
iron for tbo opcratioa colled " cbilling." 

39. The presonce of nitroge» has been anppoBed to !: 
some efFoct, particularly in steel ; bnt tbe evidenco on tbia 
point ie still obECnre. Nitrogcn is introduced by the proceas 
of c&sebardening, aa bereafter csplained. 

40. Tunyaten has the proporty of rondering cast stoel very 
bard and tcnacious. Yanadiwm ia supposed to render i: 
peculiarly fitted for wiio drawing. 

41. The nnalyses of a great Tariet; of samplcs of pig 
iron (Bancrmann, pago 234, 6) ahow tbe general amonnt of 
foreign ingredionts as follows : — 

Per oeat. 
Garbea, partly combincil, aiid partly in a 

grapbitio form 2-3 to S-fl 

Silicon 0-13 „ 5'7 

Manganoae O'O „ 7-8 

Suljibur 0-0 „ 0'87 

PhospLorua O'O „ 1-69 



Statistics. 

42, The make of pig iron from a blast furnaco varies from 

15 to 40 tonB per day. Tbo avorago oonaumption of coal Íii 
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Staffordshire per ton of metal prodaced is, for hot blast from 
55 to 60 cwt. ; for cold blast from 60 to 70 cwt., besides 
2 cwt. for calcining, and 15 to 22 cwt. for the stoves 
and steam-boilers where the gas-saving apparatus is not 
nsed. 

43. The foUowing are the details pf charges employed at 
Dowlais, South Wales, for different kinds of pig iron ; the 
qnantities are in cwts. for every ton of iron made. 





Foundry Pig. 


WhiteForge- 


Gommon 
Forge-Pig. 


Calcined " mine " (fresh ore) . . 

Red hematite ore 

Forge and refinery cinder 

Limestone 

Con-1 


cwt. 
48 

• • 

• • 

17 
50 


cwt. 

28 

10 

10 

14 

42 


cwt. 

• • 

16 
25 
16 
36 


Weekly make 


130 tona. 


170 tons. 


190 tons. 



In the Cleveland district, the average charge per ton of 
iron is stated at — 

Cwt 

Cleveland ore 70 

Limestone 15 

Coke 26 

Goal for calcining, stoves, and boilers .. .. 10 

44. The annual consumption of iron ore in the United 
Kingdom is in round numbers about 10,000,000 tons. The 
relativo proportions of the different minoráis are as fol- 
lows : — 

Per cent. 
Argillaceous and black-band ores of the coal measures .. 42 

Cleveland ores 28 

Red hematite 15 

Brown hematite and limonite 13 

Spathio and foreigü ores 2 

100 
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45. The estimated production of pig iron in the principal 
iron-makiiig countries of the world was estimated as follows, 
for the year 1865. 



United Kingdom . . 

France 

United States 

Belgium .. 
Russia 

Austria 

Sweden and Norway 

Italy 

Spain 



Furnaces. 



TODS. 



613 

430 

260 

52 



253 



4,768.000 

1,195,000 

1,120,000 

450.000 

300.000 

314,000 

246,000 

37,500 

60.000 



( 30 ) 
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PRODÜCTION OF MALLEABLE IRON. 

46. I now proceed to describe the mode of production of 
the purer form of the material, malleable or wrougTit iron, 

This variety may, as already stated, be produced directly 
from the ore, and before the introduction of the blast f umace 
this was the usual way in which iron was procured. The 
chief modem representative óf the " bloomeries," or hearths 
used for the purpose, is the so-called Catalán or Corsican 
forge, which still survives in the Pyrenees and a few other 
isolated localities, in the south of Europe. The ore, usually 
a rich and easily reducible brown hematite, is mixed with 
charcoal and placed in a hollow hearth, into which a blast of 
air is introduced by a twyer. The charcoal being ignited, 
the blast is turned on, and a strong heat is kept up till the 
reduced iron appears in the form of spongy or pasty masses, 
which are then withdrawn, worked together into a lump or 
ball, and forged under the hammer into a rough bar or bloom. 
The iron so obtained is generally of good quality, though 
often hard and steely. 

In India, wrought iron is also made directly from the ore, 
either in shallow hearths with an artificial blast, or in f umaces 
with shafts. In either case the dimensions are small, and 
the blooms produced vary from 20 Ibs. to 2 cwt. in weight. 

47. But the ordinary mode of producing malleable iron is 
to manufacturo it from cast or pig iron by a process called 
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puddling,* í. e, esposing the pig iron In a moltod etato to tte 
' action of osygen, which carries off tho carbón, and loavee 
the iron in the malleabls stato which is charaetcristic of tho 
puré metal. 

48. The pig usod in prefúronce for converBÍon into malle- 
able iroii ia the white variety, nsiíally ichaod forge pig, con- 
taming leatit carbón. Grey pig is, however, not eicluded, as 
it caá be rendored tractable by a procesa ivlich is very 
generally uaed as a preliminary to puddling, tbat is, the pro- 
UBBB callod refining. 

Befüíinq, 

49. Tbis procesa ia conunonly usod in the Wolsb iron- 
worke, and tü a Cfcrtain extont in tbo otber iron-making dis- 
tricta of thjs cuuntry. In the manufacture of tbe finest 
qualities uf wrougbt iion it is invariably adopted, but witb 
the inferior kinds it is not so mucb employed b« formerly. 

It is a combination of cbemical and mechanical procesBCa, 

, wbereby tbe material ia deprived of a pottion of tbe extra- 

neouB mattors coutracted in tbe bbist fumace. Tbe cmde 

• I have not oUuded heía to the prodnctiotí oí wtonglit iron by the 
Besseraer procesa, na tbe notice of tbia procesa belonga more propeily 
to tba bead of steeL Tbe metal produccd by the BeBeemer method ís 
generftUy callad Bteel, bnt in maiiy cásea, n-herean cndcaToiu Jam&de b> 
produce a pecidiarly soft and iluctile material, tiiere i» no.doubt thnt it 
difiera little or notbing from iion, that it Ib. ia fact, onl; malleahle 
inm nndei another name. I bml o 

professedlj "caat stoel " aíloa, mude for exportafioD, but obterving 
that their behavionr in, the latho was rery unlike that of atucl, I tcated 
«orne fragmenta of Ibem, and fiinnd tliat they were quilo ¡ucapaLlo of 
hardening, and iu fact preaented no quality of ateel at all. It appeaia 
to me tbat if tbe Beaaciucr procesa could bo succeasfully adapted to 
the ptoduction of tlie bcet kiud of wrougbt iron, and were so naed 
honeatly and avowedly, it woulJ be a mnch grcater beQcflt to tbe ongi- 
neering manufactuto thttn flooding the market witb a 
pretenlioUB material, too of ten of very doubtful oharacter. 
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irou contains vnrioiis subettmces in mixture ; it is tho object 
of refining to estract from it the loi^er portion of theae 
impuritica preparatory to its conversión iuto malleable iron. 
Heüning conaists flimply of molting the pig iron with coke 
or ctarcoal in an open hearth or " rofinory fuinace," sapplied 
with an air blaet bo as to impiuge on the melted metal and 
furnish on oiádiziiig atmoBphere. Thia carrioe o£F a pottion 
of the carbón, and at the same time removea & portion of the 
impurities, particularly BÜicon, in the ebapo of Blag. The 
melted metal is then poured into csst-iron troughs kept 
cold by water, and the sndden chilling has the effect of con- 
verting soft grey iron into hard silvery white metal, the 
carbón which formetly esisted in the shape of graphite, 
eatering into perfect ehemical combination. By this change 
the fliiidity of the iron íb reduced, and the subsequent pud- 
dling proccss facilitated. 

In the refinery the blast anawerB a double purposo : it 
creatoe and maintains an iutcnsoly high tcmporature, fusing 
the crade iron wítb great rapidity, and it promotes the rapid 
oiidation of the impuritiea. The eeparotion of these ia 
fnrther fecüítated by mechanical aabsidonce, aa they, being 
specifically lighter than the metal, ñoa,t on the surface, 
and nnited with a certain portion of oside of iron foim li^oid 
cinder. 

The loas of weight in refining is considerable, particn- 
larly with common hot-blast pig iron, which is moro highly 
chaiged with foreign ingredients than cold blast. The con- 
eumption of crude iron per ton of refíaed metal avcragee 
between 22 and 23 cwt, The consumptioa of cokc is abont 
2¿^ cwt. per ton of pig ¡ron operated upon. The weekly 
production of a refinery fumace ia from 80 to 160 tons, 

Ecfining ia Bometimes done with raw ooal, but coke íb 
generally preferred. 
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50. The procGss of pnddling ie carried on in a reverbe- 
ratory fumace, in tho bod of which the metal is melted by the 
action of flame, procooding from a fire at some little dietance 
away. Thus all contact betweeii tbe metal and the solid 
fuol ¡s avoided, and the neeeBaity of blowing machinery dis- 
pensed with, Tho docarbnrization of the motel is effocted 
cliiefly by the strong carrent of air passing along with the 
flame, and caused by tho draught of & chiraney ; at the same 
time a etirrlug action kopt np by tbc men keeps the metal 
well exposed to tho action of the oxygen. Tbis admirable 
and most important inyention waa patentad by Hcnry Cort 
in 1784. 

To aid the action of the air in the deearbnrization and 
purification of the metal, cortain oiidizing flnzes are added, 
snob os hematite, magnetic oxide of iron, forge scale, or 
molten slag, a eilicate of protoiide of iron. According 
to the relative importance of the parta played by the air 
and by these fluxea respectively, tho proeess may be either 
dry or wet pnddling, tho formor being depondent mainly on 
the espoBiire of the metal to tho action of the air, while in 
tbe latter (which ia more genei'aUy known as the pig-hoüing 
procese) tho slag anil oxide of iron added are the most im- 
porí«nt osidizing agenta, 

61, The following Bhetch shows a aimplified longitudinal 
aection of a pnddling furnace, and will aiifiice to explain 
ita general conatruetiou. 

The fire is made at A, and íb separated by a bríck par- 
tition B from the hearth C, on which ia placed the metal to 
be puddled. The flame pasees from the fií'e-place to the 
lower part of the chimney D, and in its passage it " reverbe- 
rates " down on the surface of the mota], creatíng an intense 
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heat, wliilo the doloterioug portions of tho fuel are prevented 
from mixing with tlio irou. Tho heatod ciirrent always has 
with it on exceas of oxygeo, which plays an iraportant part 
in the converaion of tho iron, There ia a metal Jamper 
placed on thG top of tho chimnej, with a handle withín 
reaoh of the pnddlor, so that tho draaght, and the 
quent aotiou of the curreat on the metal, caá be regulated 
to a nicety. 




There is a balanced door on the atde of the hcarth O, whioh. 
opona and closea with eaee, and through which the puddler 
conducta his variona operations on the metal withiu thfl 
fumace. 

63. The procees of pnddling ia ansceptible of conaiderabls 
modiScatiou, ocoording to the uature of tho pig metal em- 
ploycd, and that of the iron which it is desired to ptoduco 
but it may be generally described as followa :" — 

The bed in whidí the irou lies ¡3 previously prepared by 
" fettling," aa it is called, í.e. introducing the fluxiug mate- 
ria lfl) and spreading or arrangbg them in a oonvenient 
• BauermftnQ, diap. xv. ' 
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füT their action OH tlie iron. The metal 
introduced, with or without previouB heating, 
melts, epreftding iteolf on tha floor of tlio fumuco ia a thin 
sheet, tbus erpoeing n largo siirfaco to tho action of tbe 

Whea complots fluidity is attíiiued tho puddler introdacea 
a hooked bar or " rabble," and stii-s tho metal about, to 
incorpórate tho whole contenta of tho fnxnaco well together. 
When the mixture ia complete tho reaction of the air and the 
osidizing flmes on tho corabinod carbón becomca apparent 
by the oscape of bine flamea of carbonic oxido, and at lengtli 
the whole anríaco of tho metal bcgina to boil írom the rapid 
escape of gas. Thia action ia facilitated by conatant atirring 
with the hooked bar, with which the puddler aeorches or 
sweeps every portíon of the bed. The slag or cinder rises 
to tho Eurface, and flows away by openiugs prepared at a 
anitable level. In aome oasee portions of tho fluniíig 
material are oddeJ during the puddling proceas. 

As the caibun dimiimhee, tbe ebuUitiotí bocomea lesa 
TÍolent, and the metal, from its reduoed faaibility, begina to 
stiffen, and mulleable iron acpamtes, or as it is culled, comea 
lo nalure, in the form of bright points, which increase to 
apongy maases. Theae aro maoipulatod with the tool and 
at laat collected, by preasing them together tlll they are 
Bufficiently coherent to be moved without falling to piecea, 
and are thna foraied into roughly-spherical masaos of from 
60 to 80 Iba. weight each, called " puddlo halla." 

Wheu ene of theae halla is ready it is drawn to the door 
with the tool, and removed from the fnrnaoe with a long pair 
of tonga with cm^ed jaws. It ia then either corried un a 
small truck or drawn along the floor of tho mili to the plaue 
whero it is to be treated by aqueezing or " shingling." 

The qualjty of tho iron obtained Íb greatly dependent c 
the manipulation, but dependa still more on the quolity of 
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the pig operated upon. The greater the amount of impurities, 
especially sulphor and phosphorus, the longer will the pnd- 
dling last, the greater will be the waste of metal, and the 
more imcertain the result. 

In Stañbrdshire two hands (puddler and imderhand), in a 
turn of twelve hours, work off from five to Beven heats, the 
charge being from 4 to éi cwt. The loss of weight between 
the pig iron charged and the puddled bars produced from the 
balls (as hereaffcer explained) is from 7 to 10 per cent. The coal 
burnt amounts to between 20 and 22 cwt. per ton of puddled 
bars. The " fettling " materials required in the turn of twelve 
hours for keeping the bed in proper order are from 6 to 
7 cwt, of "bull-dog" (a mixture of peróxido of iron and 
silicon, produced by roasting tap cinder, hematite or magnetic 
iron ore), and 2 to 3 cwt. of a soft red hematite, called 
puddler' 8 mine; in addition to a certain quantity of black 
oxide of iron, or mili acole added to the charge. 

In Scotland, where dark grey metal rich in silicon is 
" boiled " without being previously refined, only from four to 
five heats of 4 cwt. are made in the same time, and the loss 
of weight is from 15 to 18 per cent. 

For the best Yorkshire iron, made near Leeds, a high 
quality of pig, mostly cold blast, and refined, is used ; this 
is puddled in small heats of from 3 to 3^ cwt. each. Iron, 
when puddled in small quantities, is found to give better 
results, being freer from raw or unconverted metal. Nine 
or ten heats of best iron are puddled in ten hours. The 
consumption of coal is about 15 cwt. per ton of iron 
puddled. 

The Welsh puddling and boiling furnaces turn out, ac- 
cording to Mr. Truran, upwards of 20 tons per week, 

53. In order to lessen the great amount of labour involved 
in working the charge, various mechanical applications have 
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5i, The pudJle ball, as it comes out of the puddling 
fumaco, consiste merely of partidos of malleable iro 
Bticking togetter, but witb largo intoretices, wbicL are paríly 
filled witb the slag or cinder produced in the fumace along 
with tlie iron. Before tbis masa can talco tbo sbape of i: 
it has to be consoIidated, and tbe slag driven out. Tbia 
operotion is effected eicher by equeeíÍ7tg or hammeríng. 

55. Squeezing is used eliiefly for the commoner descrip- 
tiona of iron, for which it is most Buitablo oa accouut of 
their tender testnro, which would not stand the heavy blowa 
of a Isjge hanimer, The machine ordinarily used for the 
pnrpoao rosemblos a pair of jawB like those of a ebark or 
crocodile, tbo lowor ono being Bolidly fixed like an anvil, and 
the upper one made to open and ehut by machinery. The 
following sketch wÜl show what the ordiuary aqiieezer is 
like, and it will be sufficiently eloar witbout any farther 
esplanation- 




Tbo puddle ball, in its boatod state as it leayea the ñimace, 
B introduced botween the jaws at their widest part, and tbe 
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prcBsuro sqaeozoB the particloa oí the ú'on together i 
welds thcm, at tlie sanie time prcsBÍug out tbe slag, i 
ranti apon the floor. Aa the muea bocomeB more consolidato 
it ia pnshed to a, narrowor pott of the jaw opening, where ti 
action IB renewcd with a moro powerful prossure. 

By tkia proceea tlie ball becoinoB tranafonacd ínto a ehort 
tliick cylindricftl biir, about 1 or 2 feet loQg, and a fow iachea 
díameter ; and wbíle it is ro<t bot, thia bar is paesed througb. 
grooved rollers, wLicli draw it out ÍEto flat bars, naually 
abont 3 or 4 ¡ntliea wide and j to 1 inch thick. Those bars 
are what ia called "puddled iron " or " puddied bar," and 
form tho firat stage of wrougbt iron manufacture. 

SqueezeTs are froqucntly made autometíc ; and severalV 
kinda acting on thia principie are used. The boíl ia droppe^ J 
into ene end of tho machino, and tben, by tho action ofl 
roUcre or cams, it ia roUoá or Bqueczcd througb a apaoaa 
constantly diminiabing in widtli, at the end of wbicb ¡t o 
out of the aame form bm it is biought to by hand labonr J 
under tho ordinary ai^ueezíng. 

56. For tbe better claaa of iron, the pnddle baila are ooo-J 
Bolidated by híimmering or ahingling. This ia done by large i 
bammera called heleeg, or ahingling hamraers, of whicih t" 
following akotch will give an idea. 




HelvB hamiuera aro generally made of eeveral tona weight í 
they make between 70 and 100 atrokes per minute, with a J 
lift of between 16 and 20 ÍBchea. 
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In Jron prepared by hammering, the pnddls ball when 
brought ont of the fnrnace is put uniler the helve, which is 
allowed to act on it by repeated biows, so as to thoroughly 
consolidato and weld the partióles of the ¡ron and drive out 
the liquid cinder. The maBa is moved about between the 
blüwB, and may be given a long form and then roiled ont, as 
in the caee of eqneezed iron, or it may be beaten into a flat 
cake, or any other ehape that may be determined by the 
futuro piocess it is to undorgo. 

57. Steam-hammoTB haré been employed in soma milis ; 
but for the iron-makor's purposea theypoBBoes no Buperiority 
over the common hammer. The power they have of giving 
great range in the forco of the blow, though so very useful 
in forging, ia of no use in manufacturing iron, as the metal is 
required to be hammered with the samo forcé throughout.* 
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58. Puddled iron, as has been already stated, is malleable 
iron in the first stage of ita exislonce, and is heneo often 
called No. 1 iron. In this stage, howeyer, it is not fit for 
use in any ivay. In the fiíst place the sizo and shapa of the 
pieces are not such as are usable ; and secondly, which is 
more important, the qnality is not yet fully doveloped. The 
puddled iron must be still fnrthcr icorJced, by hammering or 

■ A oorioiui anil instrucfÍTe illustration of Uie D9e of the erteam- 
liamiaer carne to the anthor'a notice Bome time ago. An engineer v/ae 
induced to paj a, conaidctable extra príco for aome rails in consideíation 
of their hciag mado from " tiammerad " iron. Ttie author bad occaaion 
lo inapeot tlieir manniácture, and fonnd tliftt the liammering wbb done 
with síeam-linmniera oonatmcled for the purpose, Bnd carefuUy regulated 
(as olí Bleom-hamiaera can be) to give only a light blow, The qimUty 
nag in reality jnst the aamo as the aqueezcd iron, or indeod rathcr 




rolling, before it fuUy acquires those peculiar propertios 
(such as mallealjilit;, ductility, tenaciiy, and capsibility of 
beíng forged and welded) wliich clinracterisie it as good , 
wroiiglit iron, aiid fit it for sale in the market. H 
peated working is of mueh iraportance, aa, with all wrou^M 
iron encept that of very low ijualitr, the more it is workí 
t!ie better does tho ijualitj bocome. 

The mode of würking up the pnddled ipon varies much & 
cording to the qualify of the material and the nature of t^ 
saleable article intended to be produeod. 



59, The most asual procesa is by piling and rulling. 
number of bars of puddled iron, all ciit to a uniform len| 
are pacbed together into what is called a pile, some 2 
3 foot long and 6 or 8 inchea situare, the bars being 
arranged as to break joint with each other, as in iba fe 
lowing sectioii, ThÍB pilo being boiind round with rod 
Fia, 5. to keep it together, is put in a 

nace and heated to a welding hi 
It ia then paascd between grooi 
rollera, whioh di'aw it out, at the 
same time reducing it in size, and 
anbjecting it to a preasure that 
welds the bara together into 
maas. Haring passed throogb^ 
one groove it is immediately px 
again thiüugb aaother of amaller 
dimensione, and tlien through 

I, continuftUy being 



Id 
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l'llororRirlr, 

of smaller dimensions atil], and í 

drawn out longer and of emaller aection, and continually 
being subjcct to moro presBuro ; cither natil the bar acquirea 
tho aizo iuteuded, or till it becomCB too cold to work farther, 
whca it has to be re-heated in a fumaco to odmit of 
further rolling. 
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A pile partially rolled out, but not finislied., or in fuct 
any partially-worked short thick bar, ia called a bloom, and 
tbe fumaoe in wLich such a bloom ia re-beatod is a bloom- 

M 

Oñen two pairs of rolla are oBed, one for the first two 
or tliree grooves, called breaking down, or rouyhing, or bloom- 
ing tulls ; the next pair for biinging the bar into its 
fiuialied fonn, which are called fiaieliing rolh. The foUow- 
ing sketch shows a puir of fiaiahing rolle. 




The lower roll is ttimed by the engine, and the upper roll 
íb geared to it by pinione, so as to be cansed to turn with it. 
The necks or bearings of the rolla turn in Jtmmngg which are 
provided with screwe, as seon in the figure, and by tuming 
theae the upper roll can be set nearer to or farther írom the 
lower roll at pleaaure, so as to diminish or increaae the 
beight of the grooves, 

The invontion of grooved rollera for the manufootiire of 
¡ron ÍH, liko that of puddlicg, due to Henry Cort, who 
patented thom in 178S. 
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60. With some clfteaes of iron the puddle bar ia firet píled 
and rolled into bare of suitable sizo, wbich are colled No. 2 
iron, but whicb are not yet fít for use tíll tbey are again 
pilad and roUod, fonning tbon No. 3. SometimoB, witb 
the better cIbssgb of iron, the fírst process of wclding the 
pile together and reducing it to a bloom ia done by ham- 
mering, or partly by hamracríng and partly by rolling ; in 
short, tlie mode of working admite of great varioty. 

61, The oporation of makíng a lail of good qnality is aa 
follows. A pile is propared of about 8 to 10 inches Bq^nare, 
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tbe followíng sketcb. Tho 
sbaded parta are No. 2 iron, 
intcnded to fonu tbe top and 
bottom of the rail, where the 
greatest strongth and wearing 
quality are wanted, the iuter- 
mediato space being £lled up 
with puddle bars. Tbo pila 
is brought to a ■weldiiig heat, 
and is tben first bammered 
iinder a beavy hammer, to 
^eld and consolídate it, and 
Qcxt rolled mto a eqnare 
Moom of aboTit onc-balf or 
two-tbirda tbo scctjonal área 
of tbo original pile Thifi 
bloom Ib ÜiLU iL-bLatod and rolled down in grooved finiah- 
ing roUers, encb grooye gradoaUy approacbíng tbe form of 
tbo rail, mitil it acqniros ita perfuct soction and proper 
shapo Tho ends aro tben cut ufF square, while the bar is 
hot, witb a circular saw revolving at a rapid rate, and whicb 
cuta red-bot iron almoBt as easilj aa an ordiuary saw cutfl 
wood TbiB givea tho rail its proper lengtb, and when cold 



I 
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it is Btraighteaed, and pnnelied, if neoeseary, witt tlie proper 
bolee.* 

Bj mocLifictttiouB of the piling and rolliug piocees are pro- 
dnced all eliapes and Eizes of bar iron, augle iron, T irus, 
&C., &c., uBnallj sold in the market. 

G2, PlalBÉ are made on a BÍmilar principie, but the pile 
¡8 differenüy arranged, and ia passed through, not grooved 
but flat toUers, first in one direction and then in anoÜier 
direction at riglit angles to it, so as to widen out the píate 
to a Enfficient sizo, oftcr wbích, when brought to the rigbt 
thickness, it íb cnt to the cxact length and width bj Bhoars. 

63. Tbo very bost qnality of iron, made cbieSy in York- 
Bliire, íb treatcd in a peculiar way from tbe commencement. 
Tbe material nsed íb carcfully cbosen, the pig is rcfined, 
and the puddling ia conductcd witb Bpecial piocantione. 
The pnddled iron is ehinglod under a heavy hanimer, and íb 
not rolled into bars, but is beaten into ñat cakes of about 
12 incbea aciosB and li^ to 2^ incbea tbick. Tbeso ore 
broken into piecea by blowa of a " guillotino" — a heavy 
ram felling irom a considerable height— and the fracture is 
then carcfully exainincd ; for, notwithBtanding tbo coxo taken 
in the previous proceBaes, the uniformity of tbe roault cannot 
be depended oc The csamínera, by long esperience, can 
jndge by the appoaronce of tbe fracture which portions wíll 
make tbe best iron, aud wbicb only eecond best ; aa alao wbich 

• Mr, Tmran (note to p. Z27) deprécales the Btipulation by eilgi- 
nean ot any defioito moda of manufacturing a rail, ae he states they 
oaoBot be aucb good judges of what proaas will make a good raíl aa 
tbe manafaoturcra ore, Ho canBeqoently recommends tbat tiie ptroeaB 
to be emplnyed ebould be left to the ¡ronmaeters' d¡scrttion. 

If tbcTG nero atty Becurity that a trust of tbÍB kind repoaed in the 
ironmaalers would be faithfully earried out, I ahoald quite agree wiUi 
Mr. Truron'a reaaoning ; but I am sorry to aay tbatniy long e 
of the oraft has not givtn me Uiis degn 



kind ís favouialjle ftir lianl crystalline iion, and whici for 
aoft fibrous Btruetiu'6. The piecea are accorfingly carefnUy 
selaeted, and each la put to its proper uno. The alaba of 
puddled iron are piled togetber, aml weldcd into aolid masses 
under a Iieavy liammer, Hanuueriug ie always used in 
'wotking thÍB kind of irun te tbe greatest exteat poBflible, tba 
rolling being only a laet procesa to give the projier shape 
to Buch articles as are of unifonn eeetioa, sucb as tyrea, 
best bars, &c., and for flattening otit boiler-plates of tbia 
material. 

6i. For articlee of complicatcd and special forma the 
alaba of puddled metal are piled togetber in euitable 
rnaascB and then worked entirely under the ateam-hammer, 
being re-Leated and rc-worked until they are brought into 
tbe requirod ahapes. In tbia way aro produced largo cranked 
azles, for locomotivea and for marine eteam-engines, ancliora, 
stem and stem posta for iron ebips, and other large maases 
of wiought iron, wbich aro callod " large furginga." 

65. Straight bars of largo aize, aucb oe aslca, Ini^ sbañs, 
&Q., wbicb requiro tu be tough and strong, are often made by 
a procoas csJled faggoling. A number of amall bars of good 
iron are placed togetber and bound round liko a faggot of 
aticks (nbence the ñame) ; they are then brougbt to a welding 
heat in a fumace, and welded by blowa of a hoavy hammor ; 
ofter wbich they are drawn down oitbcr by hammering or 
rolling, to the aize required. If tbe original iron ia good, 
axlea ao made are very truBtworthy. 

66. A good dcal of nroagLt-iron work ia made &om what 
íb colled scrap, 

In manufacturing wrougbt iron, it Í8 always neceasory to 
i good deol to waete ; and tbeae waete pieces, as olso the 
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punoldnga out of hules, and oíd iron generally (¡f elean aud 
good), are technically termed ucrap, Tbese are not thrown 
away, but are coUected, eorted, and tbcn made iip iuto 
bundles, hcatcd to a welding bent in a fornace, and bam- 
méred under beavy steam-bammers, first to weld tho wbole 
into a solid maes, and tbon to ebape it into Ibe required 

Wrongbt-iron work inade írom Bcrap íb often very good in 
qnaüty, if care has been laken *n íhe sdedion and tBorUng; 
but this care is very important, as if hoterogoneouB kinda of 
iron ai-o miied togetbcr, tbey will not proporly combine ; 
or if dirt and rubbisb get in, of course imperfectiona will 
roBuIt. " Scrap iron " must tberefore not be considered necee- 
sarily good iron. 

67. Heavy armonr-platea fot sbips and forts are an intro- 
duction of tbe last few years, and baya required special 
provisions for tbeir maniifacture, on account of their great 
size and wcigbt, Bome of thcni being 12 to 15 feet long, 
3 or 4 foet wide, and many inches tbick, and eocb weigbing 
several tona. Wben iron annour woa firet tbougbt of, it wna 
f ormed by snporpoaing tbin plates on eaeb otber ; bnt it waa 
HOon found tbat tbo etiengtb increased in a more rapid ratio 
tban tbe simple tbicknoas, and bcuco it became deairable to 
get tbe platos as tbick as possible. The first large armour- 
plates mado were tbose of thu 'Warrior,' i inehes tbick; 
tbey were made of scrap ¡ron by Lamtnering. Tbo Bcra]> 
■was mado up into bundles, tbese were welded into blocks, 
and severnl of tbese blotks boing joinod togetber formed 
Bmall portions of tbe píate, wbicb wero at last welded into 

Subsequently a firm in Torksbite introdnced macbinery 
for making similar plates by rolling; pnddlod slabs were 
welded togotbci' and roUcd into a large tbin píate, and soveral 
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of these being laid one on the top of another, were Iieated 
in a large famace and welded by roUing down to the desired 
tbickness. The difficnlty was in manipnlating and Iieatíng 
sncb large masses of metal, and in constmeting rolling 
machinery that wonld gtand the great strain ; bnt this bas 
been snceessfully accomplisbed, and platos bayo been rolled 
npwards of 12 inebes tbick. Bolled platos bayo now nearly 
snperseded tbose of tbe original bammered make, as tbey 
bayo been found to be softer, a qnality of great impor- 
tance in resisting tbe damaging effects of sbot. At tbe same 
time tbe welding of tbe layers togetber is ofben fonnd 
imperfect, from tbe difficnlty of getting snob large soríaceB 
into a perfect welding conditiou, and in applying snfficient 
pressnre. 

68. Tbe loss in making pnddled into bar iron is generally 
abont 15 per cent., partly eansed by oxidation in tbe 
famace, and partly by waste ends, &c., in rolling. Tbe 
consumption of coal may be about 50 to 60 per cent, of tbe 
weigbt of tbefíoisbed bars. 
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ON THEMECHANICALPK0PERTIE8 OF IBOyGENERALLY. 
Intbodüctioh. 

69. Beforo spoaking of tbe various kimls of iron spocially, 
it ia neceesarj to say aomething generally abont the me- 
ehaniad prffperties which. we may oxpect to find in the 
material, and which will mach influoncc tho uso and applica- 
tioa of it, in whatevci form it be. Indood, so important are 
these mechanical propertios, that they may more correctly be 
coneidered as gniding and detenuinisg the Btmctural nse of 
iron; for it Í8 chiefly by our aequaintftiice with these pro- 
perties that we are able to decide to what atructnral useB,aad 
in wtat modea the different kinda and ^aalities of iron may 
be applied to the best advantage. 

By the mechanical properties of iron, I mean euch qualities 
as the streugth, the elasticity, the flosibility, the ductility, 
the harduesa, the aiaenability to maunfacturing proceasee, 
and Bo (m; in ahort, all the qualitiee which dovelop them- 
BelTBH in the mechanical uso of the material. 

70. Now, yon may become acquaínted with theae pro- 
perties in two ways : by the experience oí otherg, and by your 
own obsercation. 

First, as to the osperieneo of othere. It ia fortúnate that 
the rapid progresa of engineering ecience within tho last 
thirty or forty yeara has prompted nuuiy able investigatora 
to undertakc inquiries and eiperimenta on this subject, aud to 
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publish their resulta for tho bcncfit of practical men. And 
we consequently now possess, on record, a large fimd of most 
Toluable information as to the mechanical properties of iron. 
I shall llave conttDual occasion tlmiag these lectiirea to 
quote authorítiee of ibis kind, and it is moet düsirable 
you sbould, wbon you baye opportimity, refer to the original 
sources for fuller information. 

But, valuablo and exteuBive- ae are tbe publislied re- 
Beorcbes os tbo mecbaaical propeitíes of iron, and necessary 
as it undoubtedly is tbat yon sbonld make yonrGelvea ac- 
quainted ivitb tbem, yet I miist caution you tbat tbey will 
nevcr supply fully tbo place of yoiir own practical observation. 
Sueb of yon as bftve any idea of engaging practically in 
tbe use of iron for structural purposes, may rest assiired 
tbat bowever mucb you may read and refer, your ability to 
employ tbe material will be but very imporfect, nnless you 
investígate, personally, its mecbanical propertiea for your- 
selves. 

1 do not mean tbat yon are baetüy to set up aa p 
esperimenícrs, for, laudable m it ia to give to tbe publio n 
data of tbis kind, and mucb aa you ebould be oncouraged to 
make knowa any new facta of importance tbat may come 
before you, yet yon must always remember tbat to give 
esperimentftl iuTestigationa tbe weigbt and autbority tbat 
publiabed works should bave, requií'ea an amonnt of care, 
time, patience, and expense, tbat few men in actual bnsiness 
can command. Wbat I do mean is, tbat every pereon wbo 
bas esteusively to nae iron for structural purposes ahould 
lose no opportnnity of gaining personal esperionce, by octnal 
observation, and bj special experiment aleo if necessary, on 
tbe Btrengtb and otber mecbanical qualities of tbe material. 

And it is not only a» a matter of general information tbat 
tbia ia noccssary ; it is required in tbe every-day working of 
a manufacturing establísbment, for tbe reason tbat 
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qnalities and properties of iron vary bo immenBely, and are 
often 80 litüe to be depended on witbont careful and ex- 
perieneed judgment, íhat a personal and practical aequaint- 
ance wíth tlie subject becomes a necessary qiialifícatioB. 

The opportimitiea for thÍB kind of inveEtigation, on a BCale 
Büfficient for the purpose, are by no means oostly or difficiüt 
to obtain ; and I concoive tbat no mamifacturing 
ment whoro iroa íb ostensively nsed ought to be c 
complete without apparatuB for testing its Btrengtli and other 
mechanioal qualitiea,* 

71. The firBt tLing to be remarked about the mechanical 
propertiea of iron, is llie exceed'mgly toide variation they 
proBent, in difibrent varietiee of the material. 

I do not mean that caat iron differs wídely from wrought, 
or wrenght iron wídely from steel ; that ia natural euough ; 
but I mean that for the same genus of the material, we may 
find all serta of vorietiea, — of tenacity, flexibility, elosticity, 
duetility, hardnesa, worknbility (to coin a word), ond so on, — 
in different specimens, 

To give yon one einmple, the tenacity of cast ¡ron has 
been found to varyfrom 4 to iibove 20 tons per aquaie inch ! 
And although this ia an unusual caae, you will seo, whcn yon 
come to follow the data 1 sliaU give you, that ovcry property, 
in every clnss of material, varíes over a very wide rango. 

On thia ground I tliink there is some fault to be foond 
with the manner in which the propertiea of matoriala in 
general, and of iron ín particular, are usually oapresaed in 
books of referencB. For esample, if you refer to one of these 

* An admiiable establüilimQct has lately Leen fiet np hj Mi. Kirkald j 
in SoutbwBjk, called Ibe Testing and Eipomnental Worka. It is pio- 
Tidtd wiüi BppliaucEB on the moat complete soalo for all kinds of ex- 
perimenls on the mechanioal propertiea of iion, and ia opea to the uee 
y modérate terma. 
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booke, say for the tenacity of east iron, yon wül perhaps 
find it stftted Üiat an iiicli bar wUl break with 16,476 Iba., or 
aome euch figure. * 

Now thia, without esplanation, íe a mischievüns fiíllacy; 
for it would oonTey, to a person imauquainted with the 
BnbJGct, the idea that the tonacity of caet iron is a dcñuite 
BDiDimt, which can be determiiied and ñxed to a nicety, than 
which nothisg can be more nntrue. guüh a £guie, at the 
best, could only properly be ezplained by saying that it was 
probably the mean of a ccrtain number of triáis of cortain, 
Mnda of iron. But, really, Buch a datum is of the looseet 
pOHsible kind, and of little or no praotical ase. 

The fitet and moat useful thing to he leamt abont the 
propertiea of iron ia that thoir propertioa will Tary oxtremelj, 
aocording to a great rariety of circnmstancea, and that no 
general ainglo mean valuó can be reliod on as cxproseing 
anywhere neor what you may find in the BpecimenB you are 
dealing with. 

J£ a mean is given, it onght to be f ully ondorstood to apply 
only to the npecimens from which it Í8 ínftde. A general 
mean for all varieties of iron would have no proper signifi- 
cation at olí, and conld convey no uaeful practical idea. 

On this account I shall endoavour rather to put yon in 
poBseBsion of the extent to which the Btrengtü and other pro- 
pertiea of iron may vary in different samples ; and where it is 
poBsihle I shall also try to dircot your attention to the 
circnmBtBnceB attending these variationa, and on which they 
may, to Bome extent, depend. This ia the real practical 
way in which the propertias of iron must bo leamt, to apply 
them properly for atructural useB. 

I now go on to mako some general osplanatory remarks in 
regard to the most important properties of iron, nnmely, the 
atrength, stifiiiesB, elaeticity, ductility, and haidness. 



Tbnaoity. 

72. The most important mecliniiical quality of iron íb its 
gírength to reeist rupture. 

Eopture may be pioduced in several difforent ways ; e. g. — 

By direct ieneile /orce, as, for esample, polling a bar asun- 
dei in the directioa of its longtli, 

By crasking, or compressiye forcé, ae in a colman. 

By iranaverse streea,* as in tho caso of a beam. 

By torsión, ae in the caso of a mili ahaft ; and 

By shearing, as ia tha case of a rivet. 
And consequently we have to investígate the kinds of 
strongth necessary to resiet those variouB modes of luptttre. 

73. First, we have t&mle ttrengfít; the cohesive strength 
which onablcs a bar of iron to reñst heing torn ajunder when 
snbJGct to a teusile forcé in the direction of its length. Thie 
kind of stiength it is nsual to cali tenacity. 

The BtreBB snSercd by Guch a bar is analogotis to that on 
a rope in ordinary use, and it íb a vory common one in prac- 
tice. The tío bar of a roof, the links of a chain, the lower 
of a gírder, are all subject to this kind of action. 



74. The teneile gtrenglh of a bar ü uíualli/ eusitmed to be 
ia direct proportion to the área of erogg-section of the bar, 
the BtroBs being snpposed to be eqiiahly applicd all over the 
eectíon. 

* I haré ondeayoniod, bere and elaewlierc, ta adopt tlie new tenu 
"etTBM" in the sanae given liy ProfeBáOr Rankine and other high 
EngliahaulhotitiesoiiHtnticB; but I coufeaslumeiceedingly reluctont 
lo giTB np the oíd angineer'a word " slrom ," which appears to me to 
eonvej ita idea so elearly that tbere nnat ha üttle cimnce oí oipunging 
it from the praatioal nieohünic'a vocabulary. 

E 1 
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s = teoacity per «quera nnit, 
A = área of cross-section of bar, 
Tensite Btrength of bni = As, 



75. la epeaking of the etrength of iron, it Í8 cnSñ 
to take the inch as tho unit of moaenie ; and therefore, in - 
¿ofining tho tunacity of a certain qiiality of iron, we BhouM 
gÍTo tbo amount corrospondiug to tho etrcngth of a bar of j 
(me square indi in eeclion, or 1 inch equare. M 

The unit of ^re^ght or forcé Tised in thi8 country is Bomo-S 
times the pound avuirdupoie ; Bometimea the ton of 2240 Iba. " 
Ferhaps the former of thoae, tbe Ib., ia the moro correct and 
Bcientiííc; but it has the inconvenience of giving very large 
uumbers in almoet olí eetimationa of the Btrength of iron,. _ 
generaUy consistÍBg of £ve figures nt least ; and I have f omutH 
that these large figures convey a somewhat confnsed idea toB 
tho mind — they aro difBoult to realizo, and still moiefl 
dif&cult to rcmomber. Fot thÍ5 rcason I have alwaya pra^ 
fcired oetiraating the etrength of iron in tone — whicb, indoed^ 
¡B the universal custom with practieal engineora. We almostl 
always deal with quantities large enough to bo oxpresBed hfl 
unita or teñe of tons ; and by the addition of one or tvn» 
places of decimals anj required degree of aceuracy may b«fl 
attained ; whíle the data are Tory much siniplified, and bfrn 
come mnch easier to recollect. M 

Yon will bcar in mind, therefore, that whcn speatdng of thflfl 
strongth of iron throughout this ooniEO of lectures, I ohatM 
(unless Bpecially otherwÍBO mentioned) alvrays take th^| 
dimensions in inchee, and tho forcé in tons. Thus, whea ]fl 
describe a certain iron as having Buch a strength ae t^| 
wíthstand, withont breaking, a tensile forcé of 20 tona pt^| 
íquare inch, yon will have no diíBculty in imderstanding Üifl 
expresBÍon. ^H 



76. The tenacity of ¡ron muat be aacertained eíperiment- 
aJly. Tliere are no meons of determining it a priorí. A 
bar, or other piece of emall stze, mnst bo xnbjecfed to actual 
tensión, Üie forcé being inci'eaBed till it breaka ; the breaking 
forcé in tona, divided by tbe área of i/ie eroes-gection of the bar, 
gÍTÍng tbe nltimate tenacity per stj^aaro inch of tbe material. 

Tbia operation, bowevor, requiring tbo eiercise of great 
forcé, must be dono by a macbiue. A eimple form of sucU 
a machine, witb wbich escoUenl and useful work was done, 
will be fonnd described in Mr. Kirkaldy'a book, boreafter 
referred to, A mnch moro elabórate and complete machino, 
iiitended for testing, not only the toBaoity of iron, but also 
its Btiengtb to resiet crnsbing or transverse or torsional 
strain, was devised by Major Wade at the instance of tbe 
American Oovemmcnt, for tho parpóse of tosting the metala 
naed in cannon fonnding. It is fully described in ' Hejiorts 
of Erperiments on tbo Strength and othor Propertiea of 
Metals for Cannon,' publisbed by autbority of tbe American 
Government in 1856, A aimilar machino boa been eince 
erected at Woolwicb Arsenal. 

Testing machines will also be found described in tbe 
work of Mr, Styffe and elsewbere. Tbe machines at Mr, 
Kirkaldy's testing works in Southwark ai'o of great power 
and accTu-Bcy. 

77. Some preooutiona ore necessary in teating bara of 
iron for tenaile atrength. 

In the first place, the line of stresa must be parallel to 
tbe sidcs of the bar, and must pase íhrough the centre of 
gravity of ilte aection which is to be tested. 

An escentric direction of tbe line of streas may often ariae 
by careless formation of tbe trial bar? It is found that if 
the line of stress pasees through one edge oí the section 
instead of tbe middle, the bar will esbibit only one-tliii-d of 
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its proper strength, which shows the nccessity of Üiíb precau- 

The secttonal área of tho bar, in the place where it is 
likely to breok, muat be carefully messured before any 
Btrain is applied. Für if the metal íb ductile, it wiU stretch, 
and will conaequestly contract in área before it breaks. 
The amoant of this contraction is sometimea very consider- 
able : it should be measured ofter the fracture, and a note 
kept of it. 

I shall hereafter say more on thia point whea I come to 
Bpeak of the ozperimeuts that have been made on the tenaoity 
of wrought iron. 

Then a nocessary precaution is, that (in this as ín all 
other modes of tcating up to rupture) when the breaking 
point ifl approached, the woights should bo added in small 
inorements, allowing anffioient time between each for tho 
weight to take its Eiction. A bar will often stand a minuto 
or two before it breaks nnder its ultimate load. Sometimes 
also a slight vibration or a gentle tap with a hanimer ia 
useful in determining the breaking point ; but this muat of 
course bo done cautiously, or the bar will appear weaker 
than it really ia. 



Stbbngth to lÍEBiST Crttshiwg. 

78. Tho noxt kind of atrcngth ia thoreverBOof theformer: 
it ia the Btrength to resisl rvplure by a crushing or compretHve 
forcé, as in a coliimn, a strut, or an arch. 

This Í8 of quito a different nature frem the tenslle atrengtli ; 
for Bome forms of iron, which escel in the first, are very J 
deficient in the sccond, while othor forma are the contrary ' 
in both respecta. ^ 

79. Tho compreseiTe strength of every form of iron has ! 
thereforo to bo detennined by direct experimcnt. And this J 
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is doae in a way aomewbnt analf^ons to the other, viz. hj 
forming stuAll pillars of the material, and subjecting tbem 
to B direct ciMiBliiiig Btmin, in the direction of their length, 
till they give way. 

A machine used for thÍG porpoge bj Mr. Hodgkinson, in 
bis Taluable experimeuts on caet iron, wíll be fotmd de- 
ecríbed in the Bine Bwk of 1819. 

The cnishing test ia also sometim^ done by a hi/dratUic 
preis, the rara being made to prese directly on the sample 
cnbo or ahort püJar to be tested. This ia a very e 
mode of oporation, bnt it involves some difficnlty and u 
tainty in tho eetimution. It is ttot easy, in the flrst place, 
to get accuratcly the rea! bydrostatic pressure which is 
beiagexerted at a givcn time. It is sometimcs colculated by 
the opening of a weigbted safety-valve, bnt it ie not alwaya 
a simple matter to deteimine accurtitely what the effective 
área of the Talve is. 

The pressure is better determiaed by ■weifthting the 
plnnger of the pontp, bnt in thie case thore is also an 
nncertainty arising from the fríction of tho leather packing, 
which ia presBod with much forcé against tho plm 
Then there is aleo a considerable fríction from tbe leather 
packing round the largo plunger, the valué of wbich is diffi- 
cnlt to Bscertain, bnt which ronders the aice determination 
of the presBnro unccrtaín. It has beea estimated that the 
friotion of the plunger juay sometimes amonnt to as muoh as 
10 per cent of the wbole powor. 

The hydraulie press ia often naed for other ündB of test- 
ing, but the same ohjectiona will always apply. The de- 
termination of the forcé by actual woight ia tho much more 
positive modo. 



80. The strength to resist crusbing ia, like tbe tenacity, 
QHuaUy taken to be proportíoual to tho sectional área of the 
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81, ThÍB propoaition, however, is not so generally tnie 
ae in the formar case. Mr. Eeanie Cftlled it in question long 
ftgo fts regarded bars of modorate size, his experimenta lead- 
ing Iiim to Euspcct tbat iJie resií<taace to cruahing increaBed * 
in a higher ratio tban the área. But Mr. EudgkinBoii, ou 
careful repetition of the experimenta, did not fiud this opinión 
coiToboratcd, and arrivcd at the conclusión, that in pieces of 
modérate proportions the atrength was directly aa tho área 
of tranaverse section, 

When, however, the transverae size of the apecímen is ver;/ 
maeh increaged, the law does not hold good. Suppose, for 
illustration, we take a cube of a süft material like load, and 
Bubjoct it to comproBsive strain, If the sidea of the cabe are 
nnconfinod, tho metal will freely bnlge or ooze away, and 
the natural weakneBS of the metal will be evident. Bnt if 
we confino the BÍdes, bo as to prevent this oozing away, we 
niay make thia soft material aupport any woight, lika waí«r 
in a hydraulic presa. 

Accordingly, if we have a very large área of Burface (say, for 
exajnple,aflat píate) esposedto compreasion, the innerportinna 
will be confined by the outer onea, and prevented &om oozing 
away ; thus thoy will sustain much more than if they were 
nnconfined, and as a cODBoquence the reaistance of the whole 
píate will be increasod boyond that due to the natural 
strength of the material. A píate, for esample, 12 ínches 
aquaro and 1 inch thick, would aupport much more than 
144 times as much as a oue-inch cube. 

This Í8 woll known in practico ; for it is a very common 
thing to put a ehoet of Icad under great weights, in order to 
give them an equable boaring on the aurface below — the lead 
in Buch cases eupporting much more, per aquaro inch, than 
it wonld if ia a small picoe. 

I bavo hitherto spoken of a soft metal ; but if it ¡a b&rd, 
we ehall still haye an analogous effect in large platea, the 
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centre portíoas being uplield and snpported by tte etaroand- 
iug onea, and so prevented from croBhing, as tliey wooM 

However, in apeakmg of the compreesive streogth of iron 
in tho ordinary way, we are accustomed to consiáer only 
piecos of Eacli m[>derate síze as not to come within tliia law, 
aad tliGTefore it m cnstumory to congider the streogth to be 
proportionate to tbo área. 

82. It ia very important that when epecimcna of iron 

are teeted for campresEÍTe strength, their lengtb Bbonld 
be properly proportioiied to their diameter. If tliey are too 
long, they will be liable to beiid under tho strain, and will 
break with lesB tban tho trne craeliiiig forco. K, on the 
other hand, they are too short, they will fall within the er- 
ception juat montioned ae applicable to plateB, the fracture 
will not be properly developed, and the nietud wül appear 
Btroager than it rcally ie. 

Tho American eiperimenters give for tho proper limite, that 
the length sbould not be leas than twice, ñor ahould it be 
more than three times, the emallest transverse dimensión. 
Mr. Hudgkinaon takeB the limita between one-and-a-half and 
three times — agreeing pretty nearly with them. 

Then, again, care muat be tahen (as in the case of tensile 
strength) that the Une of presanre paases parallel to the »ides 
of the speeimen, and thivui/h the centre of íte gedion, 

Forther, in testing for compreBsive Btrength, it ia neceasary 
carefttlly to watch for the poiiií ai whieh rupíure lakeg place ; 
and to determiae this accurately requiíea Bome eiperience, 
aB diíTerent qnaliticB of material behave differently nsder 
extreme atrnin. A hard metal, for example, with little 
dactility, will y¡eld bnt little, under the progreseive Btrain, 
but will crack and fly to pieees suddenly. On the othor 
hand, a softcr and more ductüe metal will givo way consider- 
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abl^ as the preesnro increaBes, and change its ehape so mnoli I 
before actual &actiiie as to render ít diíBcult to detem 
where Üie i>omt to be termed destructive cntíhing really lies. 

Teabsterse Strknoth. 

S3. AnatheT way in whicli the strength of a material ÍB I 
shown i 3 by rcsisting nipture from íransverge stress. 

ThÍB is the natuTü uf the atiength which coniee ínto play 
when a singie bar of iron ia used as a beam ; beiiig laid hori- 
zontolly oa supports at the ends, and loaded in the middle. 

There ia nndoubtedly a connection between strength ia 
this dircction and the simple toneile or compreEsive strengtli'; I 
and Tredgold, dqo of the oarliest investigators of the strengtli J 
of iron, endeavoured to deduce ene from the other; bnt not I 
beiag in possessiou of all the elementa neceseacj for the '■! 
calculatíon, he got very much wiong. I 

SI. It is always the custom in practice to determine thia.J 
kind of strength by diiect and índependent obserration ¡ andfl 
to do this Í8 tho simplest of all experimenta. We hanS 
mcrely to tako a bar of rectangular section, support it npaofl 
two props ; and load it in the middle till it breaks, notin^l 
carcfully all the dimensions, and the ultimate bteaking load. H 

85. It is necessery then to put the reanlt in some genenum 
form comjMrahle tnUh other residís, and this is done as foUowsíJ 
The principies of mechonics tcach ns that in rectangnlwfl 
bars of similar material tho brcaking wcight uught to voiyfl 
directiy as the brcadth, directly aa the sqnare of the deptb| I 
and inversely as the length between tho supports. If theu 1 

b — breoilth j ■ 

d = depth > all taken in iaches, I 

i = lüDgth Letnoen eapports I m 

W = breakÍQg weight In kms, bmig oa tbe middle, H 




wheiQ A is a oonstant depending on tlia Etrcngth of the 
material. 

Therefore, whatever the dimensioiiB of the bar tried, the 
' conetant A, being fúund such a vaJue as will eatisfy the 
equation, will expresa the tranaverse gtrenijth of the material 
in a way to enable it to be compared wíth eiperiments on any 
other bara. 



Stbengtr to Ekbist Etjpttibe i 

86. The fourth kind of strength is thut which resiete 
rwpíwre íiy torsión ; the beat exampie being a, will shaft in 
machinery, where the power ia applied tangentially at one 
end to move a tongcntial resiatance at tho other, 

Th¡B also íb neually determiiied for aay giyeu material, 
1)7 direct sxperimeat. 

87. The -wKj the atieDgth ís esprcEscd, ao n 
with other resnlts, is bb followa : — 

The resistaucB to torsión of a circular shaft y 
cute of the diaineter ; and tho amount of twiating forcé is 
esproaaed by what ia called ita moment, i. e. ita amount in 
a tangeiitial directiou, multiplicd into the perpendicular or 
radial distance of the tangential line from the centre round 
whioh the ahaft tums. If therefore M = moment of tnisting 
forcé Buj&cient to brcak the bar, 



vhere B ia the conatant that expreaaes the ttrenglh of ffte 
material lo teñet fracture hy forgion. 

Stbtínoth to Eebibt Kcptübe bt Shbabimo. 

88. Tliis is a kind of strength which, though eutering 

largely into modem theoretical colculationa, haa been ao little 

estigated experimentally, aa acarcely to admit of apecial 

mention here. Ita principal practical application is in 
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rioeting, the riveta in iron atruutarea baing liable to be 
ahearod o£f by a straia at right anglea to their aiea. In tbis 
case, experiments seem to Lave warranted tbe aBsumption 
generally octed ün, tbat tbe atiengtb to rosist sbearíng varica 
dtroctly witb tbe aectíonal areo, aud ia about tlie Eame in 
amount ae Che longitudinal teuocitj. ^^M 

STirFNESS AND ELABIICnT. ^^M 

89. After tbe strengtb of iron to resiat mpture, tbe nezt 
important proporty is that whicb affecta ita change of foim. 
Tbia involves tbo inquiry bow mucb tbe material vrill bend, 
yield, or give way, under a givcn strain appUed, 

A great variety of terma are uaed by matbematicÚLUS in 
treating of tbia aabject ¡ aucb aa atif^ieea, pliability, extea- 
aibility, compreaaibility, ficxibility, claaticity, reaistance, and 
so on. But aa my object now ia entirely practical, I abolí 
endeavour to coafine myaelf to tbose wbicb bave a directly 
practical aignifioation, and tbe meaning of wbicb I wiU try 
to mato clcar in a practical point of yiow. 

If wo attacb one end of a bar of iron to tbe oeiling, and 
hang a weight to tbe otber end, tbe bar will atretcb. The 
property wbicb enablea it to do ao is ealled adensihilily. 

If we reat one end of tbe bar on tbe floor, putting ít 
nprigbt like a eolumn, and lay a weigbt on tbe top, it wiU 
aborten or compreas, Tbia ia due to compressihüily. 

We want, bowever, one word to expresa botb tbcae quolí- 
ties,* and in default of a bctlor we may use tbe word "j)¡¡- 
ábility," tbia rcpreaenting, eo to apeak, tbe willingneaa of tbe 
bar to extend or to compreaa wben a forcé is applied in eitber 
diiection, Tbe reverse of tbia, i. e. tbe reluetame of tbe bar b> 

• The GermanB have coincd a very useful and pompreiienHive word 
YerscTu'edhirlieit, to denote that propcrtj of a body in yirtue of wliielí it 
Dan assame aaj kind uf cliange of foim, whetber resalting from t«aaÍ00i 
compteasioii, ilexure, or toieion. 
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alter, I shall cali etifliieBH ; and it íb tíie atiffaeBH of iron we 
bIibII have to iuveetigate. 

90. Now If the strainlng forcé ís small, the bar will, on 
the forcé being removed, tend to retiirn to ita fonner lengtli ; 
tbia tenilency, aa yon know, Í8 termed elaalicity. 

If tlie bar does roturn fully and perfectly to its original 
lengtb, tbe elaeticity íb Btiid to be perfect, If it doee nol bo 
return, but retains, aftor tbe wcigbt íb removed, a peranment 
alteration (or, as it íb practically called, a ^ermaneat aefj, tbe 
elasticity íb imperfect. 

91, Tbe tbooretical natnre of elasticity íb a complicnted 
Bobject, but we may asaome, in practíce, tbat tbe elasticity 
of most bodicB ís Bensibly perfect bo lo&g aa tbe atreai 
does noi exeeed a cerlain limit. If it íb carriad beyond this 
limit tbe elasticity faÜB, and a permauent Eet will result. 

Tbis point ÍB called tbo ¡imit of elaaticity, and it plays a 
very ímportant part, hotb tbeoretically and practically, in 
tbe Btrengtb of materialB. 

Tbe limit of elasticity bas been deacribed by Professor 
Beílly ae tbat point beyond wbicb eji incrcasing permanent 
eet ÍB obserred on repeated Te-ap])licaticiis of a load of tbe 
same intenaity. Or, as anotber definition, it ia tbat point 
beyond wbicb tbe deformation ceases to bo appi'ojdmately 
proportionate to tbe íntcnBÍty of tbe load. 

The limit of elasticity ís generally mucb below tbe point 
of fracture. It vaties escecdingly in different bodies; in 
temperad steel, for example, tbe range of porfoct elaatioity ís 
very large ; in wiougbt iion it ís mucb leas ; in caat iron 
lesB still; in lead olmost udU. In iron tbe relation of the 
limi t of elasticity to tbe breaking weigbt depends not only 
on tbo cbemical constitntion of tbe material, but alBO on tbe 
manipulation to wbicb it baB been eubjected. Mr. Sljfle 
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fouEd it vary from about O ■ 5 to O ■ 7. In some few specimenB 
it wasnahighaBO-S. 

Now aa the alteration of the elaatic power of tho body ¡a 
a Btep iu tlie ruad towarde rupturc, and as in many cásea 
wbon thÍ8 limit is distiuctly and sonsibly pasaed, the datnage 
íncreaBCB in a. fast ratio, it followa that ¡u all iron atnictnies 
the dimenaions shonld bo Buah tbat tho atresses os tho varioiiB 
parta will, nnder the greateat posaiblo loada, remain within 
the elastic limit, ao far aa thia can be determined. Further 
erplanatiun on thia point will be giyen under the heoda of 
the diffijrent kinds of niatoriaL 

The determination, by esperiment, of the limit of elas- 
. tioity for a given material ia a very trouhlesome and iincer- 
toin pToceaa, it being so esceedingly díf&ciilt to determino 
tbe point where pormanent aet hegina. Indood it often 
happeua that what may bo called a false permanont aet ma; 
be obaerved, inasmnch es it is found (Styffe, Art. 11) that an 
extended bar does not, on the removal of a forcé cloarly within 
the elaafic limit, inatantaneonsly resumo ita original lengtb, 
but a Eo-called aecondarj action ensuoa, i.e. tho bar at firet 
aasmnea a Icngth slightly dífferent from ita original dimen- 
aiona, and rotums only by degrees to its primitivo length. 
Henee tho limit ia hatdly capable of being fixed with eiaot- 
nesa, it can only be approsámated to. A margin shonld always 
bo left in application, to cover deviations on the wrong aide 
of the approximate limit. 

MJ". Styffo trcats thia eubject at coneiderablo longth. Ho 
alindes to the practical definitions given by many phyaicists, 
which he objecta to as arbitrory and nncertain, and he pro- 
poaes anotbor one, which he eonaidera preferable, For this, 
hia work, Art. 18, niay be referred to. 

Tho limit of elaaticity in metala may be raised by cold 
hammering, cold rolling, wire-drawing, or by other analogons 
manipulationa, which tcnd to change the molecnlar con- 
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Btitntíon ; and this method of increaBing the elosticily íb oñen 
taken advaatage of practically by vorkers in metal. Mr. 
Styffe foiind that the límit of elasticity of a sample bar was 
raJsad about one-tliird by repeated experimental atretching. 

If a bar be stretchod Beveral times iu sncceseioii by a load 
finf^cieiitly great to producá permaneut eloagation, it is 
fonud tbat this load causes each time a new olongatíoD, 
altbougk ite valué, other tbiugs being alilce, beoomes each 
time lees tban at tbe pTevious esperiment. 

92. It íb a conditioB of pdrfect elasticity tbat the body 
wíll stretcb aa eqaal quantity fot every equal increment of 
foroe addod ; or, in otber words, tbat tbe amount of extention 
Bhall be propoitional to the forcé apptied. Dr, Hooke laid 
down this law nndor the well-known axiom " ul termo eia i>ig" 
wbicb Í8 taken as alwaya practically truo witbiu tbe limite 
ouder wbicb the elasticity remains unimpaired. 

It ie olso a furtber conditiou tbat, always mtder this limit, 
tbe same amount either of extenaioa or compreeaioa wül be 
pcoduced by the same fotce. 

Now in tbe estimatioa of the stifiiiesa of iron, which we 
eball herenfter have to consider, it is customary always to 
assume tbat tbe atrain í« Jcept within tbe limit of olaEticity, 
and tbat within tbat limit tbe elasticity is perfect. This is 
not absolutely true witb all kiuds of iron, but tbe exceptione 
wül be notad wheu we como to tbcm. 

The problem, tben, of estimating tbe stifihese, or ite 
inverso, tho pliabUity, bccomea to ascortaia bow much 
falways within the limit of perfect elasticity) a bar of iron 
will strctch or oompress nndor a givon strain. 

Tbis must be fouud by osperinient. Let 

I = Icngth or bar io laches, 
a = its atea in iacliea. 
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Aud Buppose that by Bppiying to its end a loDgitndin&l 
forcé = W in tona, we produce in it au esteneion or com- 

pression = X. Then the function — ia oonetant for Üie 

same material, whatever the dimenaonB of the bar or the 
forco appliod, and therefore representa the etiffneta of 
the material. 

93. It is usual to cali thia oonetant the coefficient or 
modulus of elaatidttj (a ñame given to it by Dr, Toung) ; bat 
this does not seem to bo a coirect ñame, as the constant has 
nothing to do with the Ivmü oí dastieily, which íb the only 
measurable thing bolonging to that property. 

It is more correctly the modvlua or coefficienl of elaetic 
tíiffrtesB, boing the rociprocal of the longitudinal pliability. 
It is alwaya deaignated in modeni meehanica by the Bomaa 
capital Ictter E. 

Qi. The elasticity and pliability of iron aro also shown 
when a bar is weighted tranSTeisely. 

It will heTid under the weight, ond if the atrain does not 
esceod tho limit of elasticity, it wül reoovor itself when the 
load ia removed; if thia Jimit ia eiceeded, a permanent 
distortion wül be produced. Thia bending, in the case of 
beams, is called defleclion, and the modulua of elasticity 
i to calcúlate it for any giren aize and form of 



The samo qualitiea are alao ahown when a bar is submitted 
to toraional strain, ae in the case of a shaft in machinery. 
The shaft will twiüt, and will rtcover its straightness when 
the foToe is removed. 

DuOTELm, 

95. If the forcé longitudinally applied to eitend a bar j 
carried much beyond the elaatic Umit, the property i 



ductility comes into exercÍBo. If tlie bar is very dnctile, it 
■will elongate and stretch consiiiürably before it breaks ; in 
Bome Tery ductile materials it would acarcfily brenk at all, 
but WDiild go on stretching almost as long as the forcé could 
be continued. 

On thÍ8 principio the lengtL to which a bar will stretch 
before it breaks fumishes an indiaition of tbe ductility, 
which can be estiraated by carofiil measuieraent when the 
iron ie tosted for tunacity. 

9C. This elemont is of mtich importanoe in estimating the 
valué of iron to reeiet Btraina. 

For Biipposing we have two Mude of iron of equal tenacity, 
í. e. that an inch bar of each will broak with the samo weight. 
Bnt Bupposo ono of these bars is very bñttlo and hard, and 
yñR break withont extending Bcarcely nt all, while the other 
will streteh amsiderably before it breaks ; it is evidont that the 
second bm will be for safer to uso thon the £rst, and oon- 
sequently that the tenacity, taken alone, is not a sníGcient 
test of the effoctivo Btrength of iron for Btructural pnrpoBes. 

This consideríition, howeyer, obyious as it is, has often 
been lost sight of. For esample, in the ease of the nafor- 
timute iron ship ' Eoyal Charter,' which went to pieces, with 
Bnch an awfnl loss of life, suspicioa waa aronaed that the 
platos were not so good as they onght to have been, and they 
were testod accordingly. They were found of fair average 
teaadtg, and were therefore pronounced good ; but it may 
Lave heppened that, in Bpito of this tenacity, they were 
hard and brittlo, which would be a worao defect nnder suoh 
circumstances than woah cohesive streagth, aa it wonld 
almost e&Buie the breaking np of the ship nnder heavy 
concassions. 

Be this how it may, there ia no donbt whatever that largo 
quautiticB of píate iron in tho markets, althougb of fair 
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tenBÜe strength, ia much wanting in dnctility, and I cannot 
theroforo too stTOiígly improas on you the importance of thia 
quality, particularly for purposes where tho iroa íb aubjeot 
suddeu Btraiiia. 
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97. Wo are indebted, fiíet to M. Poncelet, and subse- 
qnently to Mr, Mallet, for an endoavonr to combine tha 
tenacity and dactility in one expreasion, by atating tbe quantity 
of iBorh or mecbanical pouxr eíerted to break a bar. 

Work, as yon will probably know, is the eipreaaion iised 
in modom engineoríng mecbanica to denote tbe ccntpouQd 
fimction of forcé applied, x space tbrougb wbich tbis forcé 

SuppoBO we hava a bar of ductüe iron attached, ae bofore, 
to tte ceiling, and weigbted at its Inwer end, so oa to put it 
in tenaioü. And suppose we gradnally increase tie weigbt 
firom O till tbe bar breuks witb a weigbt = W. 

And fuitber, Biippose tbat at tbe timo of nipturo tbe bar 
has extended a quantity = A, tben tbo quantity of icork 
dsTeloped in tbia process ia aseumed to be represented by 
tbe funetion = ^ W A. 

Now as a standard of oorapaiison it has been. proposed 
to giye, in regard to any iron, the quanlity of wori necegsary 
to break a har one foot lonij and one inch sqiiare, wbich is 
found by multiplying half tbe ulíimate tenacity by the nlti- 
mato elongation in 1 foot of lengtb, 

Tbia sboiild be statcd, not in tona and inchra, bnt iu tbi. 
and feel, it boing custoniary to espresa wori in tUe unit wbich 
is catled a foot-pound, í. e. 1 Ib. moved tbrongh a Rpace of 
1 foot. It will bo easy to confort our data into tbia fono. 

Tbe qnantity here alJuded to bas been called Poncelet's nr 
Mallet'a coefB.cicnt, and it gives, as I sball bereafter esplain, 
tbo best indication of tbe lougkness of iron {wbich is a e 
pound of the tenacity and tbe dnctility), and may tbere 




if the iron to rosist blowB, concassiotia, 



represent the power 
Bud Biidden atraine. 

Habdnebs. 

98. Anothor quality of iron, of great mechanical import- 
ance íib regards its Gtructnral use, íb its iiardnesg. 

The well-known popular eipreasion " cu hard os iron " 
would lead to tlie EuppoBition tlint all iros was verj hard ; 
and so it ís, as compared witb mauy other mctalB. But, 
really, it íb veij variod in tlÚB particular, aome varietieB 
bciug almost as hard as precioua stones, whilo other Mude 
are as son as brass. 

And it happens that these ditferent degrees of hardneae 
are convoniently adapted to the different uees tho material 
is put to. In tooh, for example, a high degroe of hardneB» 
is desirable, as it also is in nll partB of machinery, and 
other articleB suliject to wear ; while, on the other hand, 
hardness íb a .diaadvantage in artieles which have to nndergo 
the opetatioBS of the workahop, as tnming, boring, di-üHng, 
or planing. For this parpóse, the softer the material ia the 
bettor. 

S9. The hardness of ¡ron has been one of the most ím- 
portant considerations entering Lnto the use of iron for the 
armour plaling of ships of war, and occupíed mnch the atten- 
tion of the Committce who some years ago invcatigated that 
Bubject. For, contrary to all proviouB expectation, hardnesB, 
so far from boing a deairable (i^aaüty for armour plates, 
proved to be tho worst defect they conld have ¡ and all the 
efforts of the Conunittee were directed to induce the mann- 
factiirera to supply iron of the grealest peasíble soflnes», in 
which, by persoTeraace, they have tolerably aucceeded. 



100. There hav 
delermine and defir 



boon but few systematic atteinptB to 
! tho haidnees of different kinds ofirou. 



Workmen who hayo to opérate on the material can estímate 
it practically with tolerable precisión, by its bcbayiOTir imder 
tteir tools. There aro many signa by which hardness and 
Boftaess are known to ]}erBOns nccustomed tu the material, and 
a simple touch wit!i a file will give, to a practised liand, 
Bometliing oí an Indication. 

But 1 am not aware that any definite seale of hardnesa was 
eyer adopted for iron, or any meaua devised for aecurately 
testing it, boforo tbe American esperiments on cast iron I 
haTe already montioued. 

The mode the esperimenterB adopted was by pressing a 
pointeá punch with a given forcé ujjon the surface of the metal, 
and mensuring the capncity of the indent made. Tho most 
conveaient form for the pimch woa foimd to be a pyramid, 
makiug an ináont of a correspnnding shape, the content of 
which eoald ha easily estimated by mcasm-ing the loageat 
sido. The forcé used was 10,000 Ibs, 

There appeared eome difBculty in defining a standard oí 
hardcees, and, in default of a better, the experímonters toóte, 
as tmity, a certain indentation rather grcater than tbey coold 
produce in the softeet metal (bronzo) «sed for cannon ; the 
hardneas of other apccimens wub then moasurod by the tíiverM 
proportion of the indentation made in thom. 

ThuB the standard indentation being 3 ■ 33 cabio tenths of 
an inch, if in a certain iron the indentation waa found 
= 0'33 tenths, it wonld be deaerihed aa oía hardaess = 10. 
If O ■ 165, it would be 20, and so on. 

The Iron Píate Committeo contemplated, at ono time, 
adopting a similar kind of test, but they foimd the practical 
indications given by the platea, when fired at, were usnalü^^ 
uuf&cient to determino tlieir comparativo quality. ^^^| 

L J 



CHAPTER IV. 



CAST ntON. 

101. Caat iron íb the jirtt form in whích we got íron, ac- 
cording to the usual Englist procees of smeltíng. Tlie prodnce 
of this proccBS Í8 eiÜbited in the shape of rough bars or 
ingota, caUed "pigs," the materidl itaelf, in this stage, being 
caUed " pig iron," 

This material is fusible imder a modérate heat; and hj 
molting theee pigs, and cnsting thcm into monlda, we obtain 
what are called caslings, in the material callcd cosí ii 

102. It íb not, however, all pig iron whích is ñt for t 
ose ; for pig iros is alao nscd for the manufacture of malleable 
iron, and the qualities moda for the two purposos ore quite 
distinct from each other. 

Tbo kind intended for making caBt iron, is callcd fov/adry 
pig, and it is only with this Vftriety we have now to do. 

103. The process of melting the pig and casting it into the 
reqnired shapes is called iron founding (from the French 
fondre, to melt), the place whoro it is done is an iron foundry, 

and the person who does it is au iron-foiínder. 

104. The iioa is melted ia a vertical fumace called a 
capola, which is, in fiict, a miniature imitation of a blast 
furnace. It may be from 8 to 15 feet in height, and 2 to 
4 feet square, and it is usually built of iron platea, and lined 
with fire-briok, to withstand the heat. It is filled with coke, 
which is kept in a high state of incandescence by a blast of 
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air, introduaed throiigh one or two twyers Bome distance from 
tho bottom. Tha pig iron ia broken into small lumps, and 
is thrown on the tnp of the incandeacent fuel, when it Boon 
bocomoB melted and drope down througli the intoretices of the 
coke to tho bottom part of the furnace, where it coUects till it 
íb wanted. Ta complete the parallel with the blast fnruBce, 
a little limeetone ia often added as fluí, to pnrify the iron by 
combiuing with the earthy matterB contained in the pig, and 
forming a TÍtreous slag. At the bottom of tbe cujHilft Í8 
funned a emall tap-hole, which is usually Btopped with sand 
or clay ; when Bufficient iron haB melted, this hole ia opened 
or " tapped " and the metal flowB out, being caught in large 
bowls or ladles, by which it is carried away for use. 

By propcr contrivance the contente of severa] cnpolos may 
bo UBed together to furm a Inrge castiug ; but in eBtablishmeate 
where Tery large articloB are required to be made, the iron is 
melted in larger quantitiea in n reverberotory or air fumace 
specially eonetructed for the purpose. 

105. The moulds are made in sand, of a kind which will 
adhere togethor in the shape it is pressed into. A jmlleni or 
model of the orticle required must he made, generally in 
wood ; the sand ia rammod wpon this, and when the pattem is 
withdrawn, a mould of it is left in the sand ; the melted iron 
ia then poured into tho mould, a caeting is produced having 
the Bhape of the original pattern. The pattorn miist be 
about one per cent, larger than the intended sizo, to allow 
for the Bhriiikage of the metal in cooling, and many pre- 
cautiouB are necessary in forming the pattem to make it 
"leavc the aand," and otherwise to faeilitate the operation 
of moulding. Theae are difloult to describo, and are better 
leamt by a vieit to an iron fonndry. Holes in the casting 
are made by insorting in the moolde pieoes of diied t 
oalled cores. 
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lu eome cases of large custiuga, tbe mouldg, instead of 
being formad ia loóse sand from a. pattem, are built up in 
loam, a luistare of Baad and clay, which ia then dricd, pre- 
parfttory to the admisaion of the iron. 

Wien cold the caetinge are cleaned from the eand, and tho 
Bnperfluons pieces chipped o£f with a chisiel, when they we 
ready for delivery. 

106. The procesa of iron fouading comes strietly within 
the proTÍnce of the engineer. Tho businesB of the iron 
producer ends, in the case of cast iron, with the delivery into 
the maiket of the pig in its Tarious qualities. It ia the dnty 
of the engineer to mako himself acquainted with the whole 
process of its conversión into caetinge, as there aro many 
circmnatanees nttending this process wíiich directly influence 
the nse and application of the materiaL 

107. The firet thing ie the quality of the pig. Foundry 
pig irort ia dietinguished from that intonded for making 
wrought iron, liy containing moro graphitic carbón in its 
composition, and being softer and more open ¡n tho tcsture, 
and moro dull niid grey in the colour. 

There are three Idnds of foimdry pig, distinguished in the 
trade as Nos. 1, 2, and 3, rcBpectivcly. No. 1 is the largeat 
in texture, and is generally the dearest ; Nos. 2 and 3 are 
Bueeessively of closer grain, and clieaper. 

How the first duty of the founder will be to determine 
wbat kind of iron he wUI use to make his castings, and in 
this he will be guided by the nature of the object to be made, 
and tho purposes it is to serve, We ehall see as we go on 
that cast iron is subject to venj wide variety in all its 
mechanical qualities, and the founder should aim to give bis 
casting sucli qiialities as ¡t may spoeially require. In aome 
castinga glrength may be the paramount object; in others. 
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hardnes» may be more importont ; iu othore, precisely títoM 
reverse, aoflness; in otherSjjinenígg of surface ; and so oi 
which varietiea may ba obtained by the skilful maker. 

For tbis purpoee tbe elemente of bis choice are üiree*] 
fold, viz. :— 

1. Tbe different qualitiee of the tbree munbers of pig. 

2. Tbe diñerencee, evea iu tbe same number, inade l:>^fl 
difFereut makere. 

3. Tbe difforeaccs whicb may be obtained by difíérent I 
manipulfltion in the foundi'y. 

Tlie tmo first of tbcse I may diamisa briofly. 

In regard to the quality of tbe different numbera re- 
spectivcly, the general rule is tbat No, 1 pig is usually Boft 
and tender, wbile Noe. 2 and 3 are progressively barder and 
strouger. 

But Bccoiidly, tbe same number of pig will have i 
difterent ijuolitiea aa made by different makers, To deal'i 
with thia fa£t fully and Bucceasfully iu praotice, can only htt'J 
accomplisbed by the experience of almoat a life-time passa^l 
in tbe foundry trade. 

108. But tbe tbird cause of variety in the quality of caat- 1 
ings, í. e. tbo variety produced by different modcs of treat- 1 
ment of the material in tbe foundry proeeases, comes more 1 
legitimatoly witbin tbe disensión of tbe engineer. And theaa J 
differenceiS are of several kinds. 



109. Pirst i^the very procesa of simple melting altera the 
quality ; for if we take a piece of simple pig iron, melt it, 
and rim it intu a mould, we shall fiad tbat tbe restdting east- 
ing by no meana corresponda in quality with the pig bom J 
wbicb it was made. 

The procesB of melting eliminates somo of the ¡mpuritieq^.V 
and thereby imptoves it in etrength ajid makes it barder. T 
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Pig iron, beiiig the first produce from the blast fumacQ, ia 
called jirit mdting. When thiff íb re-melted and cast, it 
becomea gecond melting. Wheii furtlier meltud and cast it ie 
termed ihird melting. It ia foimd that, as a general míe, 
eecond melting ie better than first; and ihird better tban 
aecond. 

It ia essential to bear thie in mind; for it sometimes 
happens tbat ia the iroa distrícts, íroamasters will, to save 
eipense, make castings by nmoing thom direct from tho blaat 
fumace,_íírsí melting ; and whore there is danger of thía bciug 
done, the CQgiseor ougbt to stipnlate that the caetings shall 
be made from the ciipola, aecond melting, and aot from the 
blaat fumace. 

8ir Wm, Fairbaim attempted to aseettain to what extent tbÍ8 
principie woiild hold good. He proeured a certaín descrip- 
tion of pig ¡ron, aad meltod it eighteen iimee over, preserving 
each time aamplea for triol, in the ahape of a bar of cortain 
EÍze, and a cube. The bar was teated fur tranaveree strain, 
with theae resulta:— With the first melting, it broke with 
i90 Iba., and its strength gradually iucreased till, at the 
twelfth melÜEg, it carried 692 Ibs. ; it then diminished again, 
tiU at the eighteenth it broke with 312 Ibs. 

The cubo waa tostod for cratliinr;, and it giive as follows : — 

let molling H tütid 

12lli „ 73 „ 

14th , SS „ 

IBth „ 88 „ 

sbowing a scimewliat aimilar kind of resnlt, thoagh more 
irregular. 

Independently of the improvoment by the simple fact of 
re-melting, it hae beoa found that tbo lengih oflime dtiring 
toMch ike iron continúes in fusión has un influence on the 
qnality, the strength improying as tbo iron Í8 left longer iu 
the faraace. 




I believe these facts are eiplained metRllurgicalIy by Üie 
convcreion of the grey or grapliitie cost iron more or lesa 
into tte white Tariety, by the loas of its free carbón, the 
latter kind boing natnrally stronger. And it has beeu 
pointed out tliat the degree in which iron is improved by 
repeated meltings, may depsnd much npon the kiud of iron 
employed ; and also to gome extent on other conditions of 
casting. 

But granting that in some cases the strength might increase 
np to the tenth or twelfth meltinga, there are practical con- 
siderations which prevent anything like so large a number 
being used. 

In the firet placG the iron, althoagh it may become 
stronger, bocomes also harder and more brittle by these 
repeated nteltings, which wonld of itself be a disqualitication 
for most parposes to which castings are applied. 

And then again, there is a cortain necessary waste in evory 
melting, which would render its frequent repetition too 



In practice it is seldom foond advigablo to carry it beyond 
the Ihird; indced the majority of caetings are made merel;^ 



110. But the most important variation which tho foundCT' > 
ia able to make in the treatment of given materiala is by 
mixing them. It is fomid that the miiturea of düferent 
Idnds of pig, melted togethor, will produce greatly imprOTcd 
results íq the quality of the castings. It is not only the 
mixtures of different numhers of pig, but also by mingling 
the produce of different makers; and it is, moreover, found 
beneficjal to mis different melíingg together, which is done by 
the addition to fresh pig iron of what is called foandry scrap, 
i. e. breken castings, or other waete pieces resultiiig tnm 
previouB foimdings. 
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111. Tten diSerenoea of qnality in eastings will ariae 
from their positíon in the mould. The portions of a casting 
lying ftt the bottom of a decp laonld, and wLicli are conse- 
qnontly Bubject ío a greater hydroatatic pressure of tha 
fluid metal, are more solid, and of higher aiMscifio gravity 
than the npper portiona, and less liable to flaws and air-holeB. 
Whether or not the metal ia actnally stronger, appeara im- 
cortain, bnt the adyantagcB of sonndnesB and density are of 
coneidcrable Talue. 

Thero is aleo some difference due to tho position of the 
mould. Bars cast horizontally will differ from thoae caat 
verticflUy, and tho prcfurence is generally given to tto latter 
position, ae giving greater hydrostatic pressnro. 

112. Further, Üio quality of a coating will depend ou the 
mode in wJiich ü is cooled. Enpid oooling, to a eertain limit, 
BppoarB to ho moro faroarablo to strength than bIdw cooling 
while it at the same time makeB the metal harder. 

113. It íb possible indeed to gire an extreme hardness to 
the suxface of eastings by very rapid cooling. Thifl íb done 
by a proceBS called chilling, in which the melted metal íb 
poured into monlds of iron, the coldness of whioh fowing to 
its rapid condnction) chilla the eorfaces, and mates them 
extremely hard, giving them at the same time a peculiar fino 
white testare. 

The conversión of Boft grey into hard white caat ¡ron by 
Eudden cbilling, ia explained by the pasBage of carbón £rom 
a free or graphitic átate to a etate of perfect chomical oom- 
bínation — a change wbich has beon already allnded to in 
epeaking of the production of the metal. It ia not all iroQ 
tbat will tako tliis procesa, bnt the fuundera who nao it 
become aware by eíperience what pig to employ. 

The proceas of chÜUng is very useful in many cásea where 
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a hard snrfacc, to withetand woar, is required to be given to 
one jwrtioB of a cnetiiig, the remainder being kept in the 
ordinary coudition. 

114, The Americftns, in tlie mamifftcturo of the huge cast- 
iroa gime for whieh they haye been so famoua, have introduced 
an application of the cooling procesa which they havo fomid 
of great ya]ne. The usnal plan of making caat-iron gane 
is to caet them Bolid, and bore them out. In this modc the 
cooling of the metal commences on the outside, and gradually 
pioceede inwards ; and there is little düuht that in this way 
the exteríoT becomea more perfeyt aoA stronger in ita textnre 
than the interior — the skin, as it is termed, beiog always con- 
aidered the beat part of the casting. 

Eut it being elearly of the greatest importance to have a 
good qnolity of metal in the interior of the bariel, the 
Americans have reveraed thia procees, They now caat their 
gnns itullow, and cool tho interior rapidly by allowing watet 
to circuíate through tho coro ; while at the same time they 
keop the exterior tcarm by artificial hoat, bo as to protract ita 
ratí of cooling. 

It hae been found, by comparativa experiments on gnna 
cast according to the two methods, that the hoUuw enea 
greatly sui-pass, in atrength and endurance, those formed on 
tho Bolid plan. 

115. As an eiample of how much improvement may be 
made in the quality of caet-iron ai'ticlee by attentiou to the 
fonndry procesaus, I may qnote the statement of the American 
reportera, that the mean tenacity of the metal of caat-iron 
gnns caNt iii the Government foundries in 1851, naa greater 
than somo tea yearB hefore by abovo 60 per cent. ; thiH 
resnlt heíng attrihutablo, not in tho Icast to the introduction 
of any new material, but to gi'eater etndy and care in asÍDg^ 
it to the beat advantage. 




116. When eost iron is caat in large masses, it ia foimd 
that it cryataUizos diflÍBrently in different portiona of the 
Toass ; tha esternal siirfuce, whicli cools firet, is cióse and 
etrong, but the interior ia coareer-grained and weaker, and 
often (in very large maeses) spongy and UHSoand. 

Heneo ia small castinga, in which the esternal surface 
bears a large proportion to the whole enbical contení, we 
shall have a greater average Btrength tlian in large maBaes, 
where the weakening influence of the interior is more per- _ 
ceptible. 

I ahall give etriking inatancea of thia in speaking of 
trauBverse strengtb. 

Strbngth. 

117. I now procoed to tell yon wliat íb known about tbe 
Btrength of cast iron, diatinguishing the atrength to resiat 
ruptiire in the four waya by — Tensión — ^Comptession — 
Transverse loading — ^and Torsión. 

118. First, aa to the tóMÍZe Btrength or tenacity of eaat iron. 
CaBt iron had been long in use befure any eiperirneuta 

were made to ascertaiu ita reaistance to direct teuaile 
Btrain, About the commencement of the preaont century it 
was first used for beama ; anii it was tho application of the 
material by engincera in tbis way that induced Tredgold to 
write, in 1822, bis celebrated book on the Strength of CaBt 
Iron. Tredgold mentions a few direct eiporiraents on the 
tensile Btrength of cast iron, but he appears to have had no 
confidence in thein, being Bomewhat contradictory and un- 
certain ¡ he therefore attempta to deduce it from the írana- 
verse etremjth, which is pretty well known, and which iudeed 
ho eiperimented on bimself. 

When a bar ia Bupportod horizontally at the two enda, and 
loaded in the midile, if we Buppose the elasticity perfect, 
there will be a eertain rclation between the weight on the bar 
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and the teiiBÜe streaa on a given fibre at tlic lowest point at the 
middle oí the beom, 

On tliis asBumption therdfore Trcdgold coluulated, from 
thc IreaJcinj Iraneverae weight, what lie concoived woidd be 
the ultimate tensile lüngitndiniU etrese. He aBSmned that the 
position of the neutral line remaiued fised up to the breaking 
point ; and in thia way he made ont the ultimate tensile 
Btrength of caat iron to be 18 to 22 tone per square inch. 

Mr. Eaton Hodgkiiiaon many yeare afterwards pomted out 
the error Tredgold had made. He ahowed tbat íq conse- 
quence of the imperfect elastlcity of the material, and its 
doparture from the analogj Tredgold had asBumed, the neutral 
line, at the time of fracture, inBt«iid of remaining in the 
middle of the aection, came very near the top, and tliut 
therefore the whole calculation was wrong. 

He suspected that Tredgold's estimate of the tensile 
Btrength waB Tery mnch overrated, and he ingtituted a seríes 
of direct experiments to test it ; which are reported in vol. tí. 
of the Eeporta of the Britieh Association. 

119. Thcse experimenta were made by directly pnlling 
aBundcr baiB of from 1 to 4 BqUDre incheB in sectional orea, 
and cast fiom several different kinds of iron. 

The highest tried gave an nltimate tensile Btrength of 3-75 
tons per square inch ; the loweat 6 tonB ; the mean of sil 
about 7-37 tons; being only about ane-third the amonnt 
given by Tredgold. 

Previously to this, however, the tonsile atrength had been 
directly tested in France, the resultB being given by 1£. 
Navier as foUow : — 

Mniimum 9 - 09 toiu ^^1 

Minimuin 5'D9 „ ^^| 

Mean 7-19 „ ^J 

The Iron Btrncture Commission of 1849 instmcted TSi. 



Hodgldnsoit to trj a fnrther seríes of experíments on the 
tesBÍle power of cast ¡ron, which are recordad in their report. 

Ho puUed ftBunder eiglity-one specimenfl of seventeen 
different kinda of cast iron, each apecimen having about 3 or 
i inchee of cTOss-Bection. 

The highest he records broke with 10 "5 tona per aquare 
inch ; the lowest i ' 9 toiis per aqsare incli ; the mean of the 
whole gave 6 ■ 8 tona. 

120, I have already mentioned the valuable experiments 
made by the Amerionna on caat iroa as a material for cannon. 

Among thcBO wero several diroct triáis of ita teiiBÍle 
atrength, which wore ao arranged na to show particularly the 
inflaence on the strength of the foundry procesa of re-melting, 
applied ia yarions waya, 

By testing aamplea of the aame iron, firat and second 
melting, it waa foaud that while a certain pig iron, firat 
melting, had only a tessile atrengtb of 5 tona per square 
inch, by ro-melting it, and allowing it to remain ais honra 
in fnaion, tho strength waB increasod to above 11 tona ; and 
by melting it a third time, tho etrcngth was increaaed np to 
(34,728 Ibs. = ) 15 ■ 5 tona. 

Another kind of iron, tosted on the seeond fnaion, was 
found to have a etrcngth of (15,729 lbB. = ) 7 tona; but on 
melting it a third time, and keeping it eight honra in fnaion, 
tho castinge made ñ'om it were found to have a atrength of 
(3i,599 1bs. = ) 15-4 tona. 

It waa fonnd that aome advantage waa due to keeping the 
metal for aome time in fuaion in the fomace before casting. 
A oertain iron, aecond melting, waa tested by tapping the 
furnace at different periods, and the atrength waa found ; — 



Afler i hou 
„ 2i bou 



15,729 = 7 



27.S52 =12-1 
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,a figain re-melted and gave :- 



30.607 = 13'S 
32, 978 = H-7 
3i,B99 = 15-4 



It WBS aleo found that the speciñc gravitj vent on i 
ing ftlong with the tenacity, eo as indeed to form, to a 
eitont, an indei of the strength. 

Biit the American esperimantars fonnd that all kinda 
iron were not affectod by these processes in the si 
some kindB, wliich eihibited a fayoumble qualitj 
pig, were only slígbtly improved, and some Bcemed eTen 
impaiied. The improTemeut seemed to take moet cfieci with 
No, 1, soft grey pig ¡ron. 

The highest tenacity recorded in theae eiporiments was 
(45,970 Iba. =) 20"ñ tons,being samplcs cut ont of a lO-inch 
Cülumbiad gun, cast at Fort Pitt Fouudry. The Bp. gr. was 
7 ■ 304. Comparing this with tho figures heroiubeíbre qnotod, 
the tenacity appeare so much higber than auything obtained 
here, that fni'thcr inqniry would seem to bo neceasary bofe 
sach a lesult ougbt to be fuUy loceivcd. 



L 



121. In 1856 tho authoritieB of tbe Eoyal Gnu Pactory 
Woolwicb Areenal (stimolated by the American invcetiga- 
tion just named) initiated an ebibornte and citensive aoriesof 
eiperimentfl on tbe strength of vnrioua British caet irons with^ 
a yiew to tbeir uso for ordnance. 

They obtaincd a testing machino similar to the A 
üite, and arrangcd it for testing specimens for tensile, 
prcBsive, trauBTerso, and torsinnal strength; and they 
ondertook the cberaical analyais of the aamplea prodi 
The resulta were published in a Bine Book in 1858. 

They collected fifty-tbree aamplea of varioua deacripti 
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of pig iron, prepared for foundry purpoBes by eigliteen dif- 
fereat Britisli makera, and simply cast the test speciiueas 
from Üiem ; theee specimene being therefore mostly in tlie 
condition of second meltinij." No tríala were made of tho 
efFecte of diffeicBt meltinge, or of any mixtures of diíFei'eiit 
kinda of iron, 

The tensile etreagth was tríed on short Bpecimensl'S 
inch diametor, which wcro puUed asundor in tho testing 
machino. 

Eight hundred and fifty speoimens were thua tried, and 
gave Üie foUowing resulte : — 

Lba. Tun». 

Maxinmm 34,279 = 15-3 

Minimuin 9,417 = 4-2 

The mean of tliB whole gava 23,257 = lO'* 

The Woolwich eiporimenters made a ti'ial to ascertain tho 
effect of caating under the preasure of a high coliimn of the 
fluid metal, Abor wascastvortically 2C feotlongand 7inche8 
diasieter, and specimens wero tested from tho top, tho middlo, 
and the bottom respectiTely. 

The rosult showed ao increase of epocific gravity in the 
lower portion, but the tensUe atrength was not increafied. 
In fact, the top speoimen was ratberthe sti'ongeat of tho 
three, 

They foimd, moreover, that bars cast hürizonlálly wero 
gonorally atronger, for all straiiis, than fhoEO cast verticnlly ; 
and that quick cooling was also generally favourable to the 
streugth. 

I havo mentioned that ia the Woolwich experimenta ni) 
attempt was made to ascertain the cSbct of mixtures of 
difTerent irons, or the results of difibrent trcatmont of the same 
iroD in the procosaoa of molting. This umission detracte 

• Someof tlin pigBuppüed wBB,!ioivcTer, ituelCsecond melting, wliioli 
woiiU raake tlie costings tlic lilrd. 
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much from the practica! utility of the investigation ; for it is 
evidently the duty of every iron-founder to do the best he can 
with the materials he can obtain ; and nobody who knows 
anything of his business would practically make castings in 
the way represented by these samples. 

The omission is explained in the Eeport in this way: — 
" There has been (the repórter says) in the present instanoe 
no intention of ascertaining any data relativo to the most 
suitable mixtures of various brands of iron, ñor of malríng 
experiments as to the treatment of any particular iron with 
reference to improving its quality ; bnt simply to ascertain 
that quality as purchasahle in the marJcet, or when specially 
supplied as suitable for the particular purpose." 

This remark, however, betrays a far greater and more 
important error than the former ; for, instead of obtaining 
irons honá fide " purchasable in the market," the promoters 
of these experiments took the singular step of advertising 
a complete notice of what they were going to do, and 
inviting ironmasters to send in samples of their iron for 
testing ! 

Now, I must say that, from a vory largo experience of deal- 
ings with the iron trade, I believe it extremely unlikely that 
the samples sent in by ironmasters, for the express purposo 
of testing, would correspond with the iron actually sold in 
the market. And, singularly enough, the Keport itself con- 
firms this view; for it appcars that, relying on the results 
obtained with certain of these samples, the authorities 
ordered largo supplies ; and it was only then that they found 
out what was really the iron *' purchasable in the market." 
They say: — 

" Certain supplies ordorod on the results hereafter given, 
have, on examination, givon results differing mtichy both 
chemically and mechanically, showing superiority in soma 
cases and inferior it y of a very marked character in otheraJ* 
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This might naturally have been anticipated ; n,nylKwly 
acq^uainted witli the trode woald have recommended tLe 
experiinenterB, if tliey wiehed to test tíio market commodity, 
to go to tliQ tuorket to proüiire it. 

I do not deprecíate the volne of ttese experimente ; treated 
generally, they conetitute a considerable addition to onr 
knowledgo ; but if you. tum to tliem to nscertain the valué of 
any particular iiou profeaaed to be esperimented upon, yon 
muet rccollcct, in the first place, that you have uo asBurance 
whfttever that the iron really was the kiud it professed to 
be ; and secoadly, that if it loere ao, difierent foundry mani- 
pulation would probably give difforent rosults from what 
these experiments ehow. 

Stbehgth to Besibt Cbüshisg. 

1'22. The strength of caet ¡ron to resiat crushing was bettor 
undorstood at an oarly period than tbo toneile strength. 

Mr. George ítcnnie communicated to the Transactiona of 
the Eoyal Society, in 1818, aome esperiments he made, whíelí 
gave ajnoimta varying from ahout 33 to iíO tona per square inoh 
for the cruahing forcé ; but the piecea were very smaJl cubes, 
and the resulta were uncertain ; aa it mnet have been very 
dificnlt in these small eizes to tell the esact point of giviug 
way. 

Tiedgold adds nothing to these data, bnt he adoptB 42 tous 
aa the mean ultimate compresaive atrength. 

123. Mr. Eaton Hodgkinson, in the Keport of the Sixth 
Volóme of the British Association Transactiona, gives the 
resulta of csporimonts on crushing cast iron, made hy him. 
The epecimena wero cyliudera of from \ inch to abont ^ inch 
diameter, and rectangnlar and triangular prisms; the beight» 
varying from 1 ^ to 3 timoa tho lateral dimensión. They wori; 



2 kins per squoie inch. 
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ruado of different doscriptions of cast i 
second melting. 

The ligliest reault oblaincd w»8 
The lowBBt „ „ 

The mean of 13 eiperimenta . . 



The crnshisg took place (as it doos in Laid c 
bodiee generally) by a wedge eliding o£f at a oertain a 
with tho base, wbich angle ñas generally foiind conatantl 
tho Bame material, 

Mr. HodgkinBon snbaeqnently made a Boriea of espeí 
OH tbe enisliiiig strengtli of eighty-one specimení 
different Idiids of caat iron, for the Iron Stracture Co: 
of 1849, The specimens were eniall cyliadera of about ,J inch 
diametor, tie lioight being in Bome ^ inch and 
1^ inch. 



Tbe highest epecimc 

Tlie lowest 

Tbe meRD oí sil gnvi 



ttitd, cruEhed wilh 53-8 lona per sqnare i 
„ 24 ■? „ 
3á-5 



I 



A Beries of esperiments weie also made at the same time 
with BpecimeEB of different aizes, forme, and proportions, all 
ciit out of the Bame iron, in order to bqo if tbcse differences 
woTild have any influonco on tbe result ; but tho etrength 
obtained did not seem to vary more than might have been 
espocted, and appeared alwaya clearly proportional to the 

Tho specimens were found to shorten eonsidorably in 
length, nnder the pressiire, bofore they ultimately gave way, 
but the dogree of this effect varied considerably, as might bo 
expooted, in diflei'ont hinds of ¡ron, 

The ultímate shortening was generally firom ^ to ^Lj of tho 
length. 

Somo valuablo cxporimcnts on the Btrength of caat iroafl 



roBÍBÍ crnaliing were also tricd by the American cxperi- 
mentora before allnded to, 

Their specimena wore a, littlo more tban ^ incb diameter, 
aad about Ij inch long. 

A simple irou No. 1 gave- — 



■ 2Ddmelting .. 
1 3. ,. .. 




9y,rro 

139,540 


F A mistura of Nos. 1, 2 


and. 


gaye- 








3rd „ 




](i7,030 


The bigbeet tried wns- 







17i,120 
Tbe loweat — 



2adn 



i. 52a 



37-7 



It will be noticed tbat tho reaalts obtained in all ibese 
caaes are vcry higb compared witb tboBO obtained from 
Britisb ífoo, I am not aware that ojty eatiefactory erplana- 
tion of tbe difíerenoe has boca given. It wonld bo vepy 
deairable to bave the same iron^ tiied in tbis coimtry. 

The experimonts on crusbing cast iron at fhe Woolwich Gim 
Factory in 1866 were made with small cylinders, 0"6 inch 
diameter and 1 ■ 3 inch higb, Two hundred and aevonty-three 



were tried. The wbole of tbe iroi 


waa secocd meltin 


fiimple unmiied pie. 






Lhs. Ton», 


The máximum geve ,, .. 


.. 140,056 = 621 




.. 44,563 = 19-8 


The mean „ .. .. 


.. 91,061 = 40-6 



124. Fiom a comparison of tho tensile with the compressive 
8trengtb of cast iron, as obtained in the various expcriments 
above refcrred to, it wül appear thnt tbe powcr of tbis 
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material to resist crushing is about five or six times greater 
tban to resist tensión. 

In order to obtain a direct comparison, Mr. Hodgkinson 
tried, for tensión and for compression, samples cut out of the 
same irons, taking seventeen varieties of tbe material. 

The highest ratio he obtained was . . 6*7 to 1 
Thelowtst „ „ .. .. 4*5 „ 1 
The mean of all 5*66 „ 1 

Transvebsb Strength. 

125. Tbe third kind of strengtb of cast iron, strength to 
resist mpture by transverse strain, was tbe first ever tried, 
being at once tbe simplest and tbe easiest to ascertain, and 
tbe most directly bearing on tbe use to wbicb tbe material 
was earliest applied, namely, tbe formation of heams. 

You will recollect bow I bave proposed to define tbe trans- 
verso strengtb, L e. baving a bar or beam of rectangular 
section wbose 

Length betwcea supports in incbes = / 

Breadth ,, „ = b 

Depth „ „ = d 

bcP 
Thus, breaking weight hung on the middle in tons = A — , 

i 

tbe coefficient A representing tbe transverse strength of the 
material. 

126. Tredgold mentions several previous experimenta of 
tbis kind, and adds some of bis own. But tbey are en- 
tirely superseded by a large series of experimenta under- 
taken by Mr. Fairbairn and Mr. Hodgkinson, on the 
transverse strengtb of a vcry large number of different 
kinds of iron, tbe results of wbicb may be fonnd in 
Mr. Hodgkinson's supplement to tbe fourtb edition of 
Tredgold s work. 
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The bars tried were all run Bceond melting from the Beveral 
pig ítdhb, simple and uniuixcd ; and nJl made from tlie same 
pattern. They were each 1 inch equare, and 5 feet long ; they 
were placed on supporta 4 ft, 6 in. apart, and weigbted in the 
middle till they broke. 

Abont two hiindred and seventy bara were tried, made of 
iron from fifty-nine diffcrent worts, in England, Scotland 
and Walea, liuth hot and cold blast make. The reaulting 
valúes of A were : — 

Mnsimum about \i 

Mmimum „ 8'6 

Müanofall 109 

Some esiferimenta au the tranevorse strength are also re- 
corded in the American Koporta already mentioned. 

The boTB were 20 inchcs betwecu supporta, and abont 
2 inches Bqnore, the breaking weíght being hnng in the 
middle. 

A certain somplc iron, when teated in the pig, gave 

let melting A= 95 

Wheii re-melkd 108 

WLi:ji melted a thúil tíms ., 13 

„ a fourtli timu .. ltí'8 

Another sample, being made from a misture of threo dif- 
ferent kinds of pig, gave — 

2d(I rariting IS-T 



Tho highest tenacity obtained was rcprcsonted hy the co- 
eíScient 17 '8. Htnce the mising and the re-melting oí iron 
have the same hcneficial influence on the transverse Btrength 
as might be oxpcctcd by analogy from the direct tenacity. 

The transverso esperimenta at the Woolwich Arsenal were 
tried with bars about 2 inchcs situare, and 20 inches hetwcen 
the bearingB, and loaded in the middle till they gave way. 
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Five Iiimdrcd and eixty-fonr specímens were thu8 triedJ 
a nd tiey gave the oonatant of transversa Btrangth :— ■ 

^^^H MuLünnm I 

^^^^H Mmimnm — i-B H 

^^^ Mean =12-6 ■ 

127. A valuable series of e^pcriinents vas undertakon íiH 
184C and 1847, by Mr. Robert Stephonaon, to dotermine tlufl 
transverso strengtli of caBt ¡ron, os depending on the mixture^U 
"f the ntalerlal from which tho castings were niade. Thoam 
Itero tried with an iimuediate practica! view, rmmeiy, to Bettid 
the mixtures of iron for castiog the large arched girders cd 
the High Level Bridge, then about to be erected at Newcastla-H 
on-Tyne. The accoimt of the esperiments was furiiiahed hjn 
Mr. Stephenson himaelf, for publicatioa in the Eeport of ÜuM 
Iron Structuro Oommission. ■ 

Bare were made : — I 

1. From nine diñ'erent kmds of hot-bloet iron, being cast J 
dircctly from tho simple mcltod pig. ■ 

2. From five different kinda of cold-blast pig, in the iiiiiiilM 
^ay. I 

3. From a cousiderable number of different mixturel^ 
partly of different kinds of pig, and paitly of those mixedl 
with sorap ; a practico very conimon in foundries, and whidd 
jadiciously done, is attended rather with beneflt than disS 
advantago. ■ 

The bars were all 1 Inch sqiinre, placed on bearin^H 
3 feet apart, and weighted in the middle till thoy broke. ■ 

The liighest weight borne was 1072 Iba. by one of íbM 
mixtui'es, the lowest 686, by one of the samples of hot-blMW 
pig. ThoBO gave the transvorse coefficient 17*2 and ll'fl 
respectively. fl 

£ut the principal valué of the experiments waB in detepfl 

mining the general effect of mising ; and Mr. SteplienscMM 

' eammed up the resulta as follows : — ■ 

M 1. He fouud that, although in tho specimens tried thfl 
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ftverage of the hot-blast ¡ron was not mnch inferior to tbe 
[ cold, yet that tlio latter was tlic more ccriain and regular. 

2. That misturcB of cold-blast iron wero more iiiiiform in 
stiength tlmn those of hot blaat. 

3. But that mktnres of hot and eold blaet togetber gavo 
a better resiüt thaa oitbor eoporately. He also foiind 

4. That simple samploe did not riin Bo solid as mixturea. 

5. That BJiapIo garaplos ran Bometimes too hard, EUine~ 
times too soft, for practical purposes. 

The castings for tbe bridge were mnde of a miEturo of 
ñvB differeut kinda of hot and cold blast, ajid a certaiu pro- 
poitioit of selected foimdry acrap. 

128. I have mentioned, in speaking of cast iron goneíally, 
that whon it ie cast in largo masses, it cry stallizes difTerently 
in different parta of the masa, tbe esternal portiona (whicb 
cool firat) lieing strongcr, closer, and harder ; while the in- 
toiaal portions are coarser-grained, Bofter, and weaker, and 
ofton spongy and uimeiiiid. 

Henee Bmall castings wÜl be Btronger than birge osea 
cast of the same iron, as having more esternal Burface in 
pToportion to thetr masij. 

Mr. HudgkinBon triod some esperimenta diieetly with 
thJB view, for the Iron Structure Commissioa, on bars of the 
same iron, 1-iuch, 2-incb, and 3-inch enuare reepeetively, 

It was füund that the largeat bar -wae, in regard to 
material, the weakest of the tbree. The S-inch bar es- 
ceedod it in etrength by about 3 or 4 por cent., and the 
1-inch by as much as 30 per cent. 

Captain James, R.E., in some othcr esperimonts for the 
same Commission, conñrmed Mr. Hodgkinsou's results ; he 
found that 2 -i&oh sq^uare bars were ouly ^ of tbe etrength 
oomputed from 1-inch bara, and bara of 3 ínches only J 
the etrength. 

He alao put tUe cause of thia discrepancy directly to the 
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test by cutting sample bars out of the middle of largo 
castings, and trying them in comparison with bars of the 
same size and from the same metal, but cast smaller. 

He found that J-inch bars eut out of the centre of masses 
2 and 3 inches square, were little more than half the strength 
of bars of the same metal cast 1 inch square. 

It is therefore an inference from this, that those co- 
efficients for strength which have been deduced from small 
bars must be considerably reduced when applied to large 
masses. 

And further, that when (as is often the ciistom) sample 
bars are run at the same time with certain castings to test 
their strength, it must be borne in mind that these bars 
will not give correct comparisons, unless they are of at leas* 
the same size as the thickest portions of the casting exposed 
to strain. 

129. There is an exceedingly simple rough datnm for the 
transverso strength of cast iron, which is well worth com- 
mitting to memory. It is 

TTiat a bar 1 inch square and 1 foot long will hreah vñth a 
load of ahout 1 ton hung on the middle. 

This is eqiiivalent to about an average strength, the valué 
of A here being = 12. 

TORSIONAL StBENGTH. 

130. The last kind of strength of cast iron we have to 
consider is that to resist rupture hy torsión, 

This has not been so well investigated as the others, bnt 
we have still some good data upon it. 

We may confine ourselves to the form usually tried, namely, 
a bar of a circular section fixcd at one end and twisted at the 
other. 



I ¿are alrcady explELmod thut i£ d ~ diametor oí bar in 
incheB, M = moment of twisÜBg forcé which will break the 
Lar {¡Q tons x melles), then M = A d" , the constant A repre- 
seutisg the sti'osgth of the matciial. 

Tredgold reporta sevcral eapcrúnents on cast-iion shnñs, 
from 2 to 4.1 inches diameter, which I find give A, 

Muiiinnin = 2'5fj 

Miniraum = 2-00 

Mean = 2ai 

Mr. Hüdgkinson., by inference from soma esperiruGnta by 
Mr. Eenuie, MeaarB, Bramab, and another esperimenter, 
gives A as fuUowa : — 

Slimumín = 2-13 

Mían = 2'85 

The American eaporimenters took circular bare about 2 
ÍQches diameter, and 15 inches long iu the straiitcd pait, 
and tested them by torsión in the machine previonsly rc- 
ferred to. 

The valúes of A obtoinod were ; — 

For a certain simple irun, 2nd mclling .. .. = 2'75 

Ditto, Srd melting = 3 ■ 93 

Fot a mistare of two dilTtreiit kiads oí iron, 

2nd molting — 3'3 

Ditto, 3rJ meltinfc = 4'7 

TLb higheet obtaineil wad = 4-7 

• The loweet, 2nd melting, oblaintd wns .. ,. = 2'5 

The same expcrímentcrB aleo tried the torsionnl atrength 
of bars of difforcnt aizes and sbapes, snch es squares and 
hollow cjlinders. The resulta will be found in the Keports, 
bnt it ia unnoceasary to gire them in detail here. 

The Woolwich Gun JTactory eiperimenta on the torsional 
strength of cast iron were made with cylindere 8 inches long 
in the twiatcd part, and 1 ' 8 inch diameter. 



Two hniulred and BevoBty-ais aper.imcns v 
gave tbe oonetant of toreional etreDgth :■ — 



Msíimum 9773 .. 4- 

Minimaní 3705 1" 

Mean 6056 .. 2' 

M. Morín (Art. 599} givea an aceouat of some esperin; 
on casf^iron aliafta li^ metre long and 10 centimfetrea ( 
iucheB) diameter. The lever waa 2 mitres (78 "3 i 
long ; and tho breaking wcigbts applicd varied from 18( 
to 2250 kilogrammcs, giving the conatant 
etjongth 2-05 to 2-90. 

131. Having now gone throngh tho strongth of cast ira 
na exhibited ín the aeveral mndos in wbich it may be t 
I miist cali your eameet atteniion to a remarle whlch &ppU| 
tu all olike, and wbich uught to bo always present in t^ 
engineer'a mind when be appliea iron to practical nses. 

Tho figures I have givon yon are the ultiviale s 
I. e. they represent tho points at wbich the íton will breoivfl 

Now, of coui'ae, common senae would tell yon that in p 
portioning the strengtb of an iron atmcture, the weight O 
etrain allowed to come upon it muat always be mnch 1 
tbaa ia BufQcient to break it ; but hojii much lees it ongbt ^ 
bo Í8 a queation that deservea inquiry ; or, aa Mr. I 
expreaaea it, what abould be the tcorking streugth for a 
ultimate atrength. 

It ia a question wbich has occnpicd tbo attentiou t 
engineera ever sinco iron has boen nscd, and it ii 
siderable importanco ; for whilo on tbe one hand it j 
neceaaary to make tbo atmctuie per/ecüy eafe, t 
it ia dosirable not to waste material in making it atr 
tban safoty rcquiros. 

It migbt, pcrbapa, at first, be snpposed that if ve C 



determine tlio breaking weight acciu'atoly, we should lie safo 
as long a,B we keep withia it ; thus, if we know a biir will aot 
brcak with less than 10 tous, it might appotir that we may 
safely put on 8 or 9. 

Bnt tliis supposítion overlooks an impoitant ü,ct, that is, 
that tlie material will be much damaged long before tbe 
Btmin approacbea the breaking point ; and it is a principie 
wbich engineers have ahvays tboiigbt it prudent to ant on, 
that a material abonld neTer ba straimed to sucli an extent as 
to damage ita teíture. 

In apeaking of elaBticitj and flesibility, I have told yon 
tbat wben the deflection or diaturbanee of form by atrain 
esceeds the Umit of tbe natural elasticíty of the material, 
it lefnHea to retum to ita formar position, or takea what is 
called ft ptTiif íijiení sel. Ai this point, thcroforo, the material 
beoomcB, if nat damaged, at least dieloiied. And (with, 
I think, goüd reason) practieal men appear to Lave deeided 
that thia limit, i. e. the limit of the e]aetic power of the 
materia], oiight to furia the limit of the practieal etratn to 
which it should be exposed. 

In regard to cast iron, theoretically apeaking, in conse- 
quence of the imperfect olasticity, the permanent set begins 
at R very early point; but, practicaUi/, it may be considered 
ÍDBÍgni£cant nntil the strain arrivea at about one-tlard the 
breaking point, when it becomea practically sensible. 

Tor thÍB reason, the general rule practically adopted by 
engineers for cast iron ia, to limit the strnin which can 
come npon it from a permanent stationary load, to one-third 
or one-fourth that whieh would break it. 

An d in the cose of a moving load {such as for trains passing 
over a railway bridge), which gives ahocka and concnssiona, 
cme-sixth ia tho limit conaidered aafe. 

Onc-third and one-sisth respectively in thcse two caaes 
aro thü limita aauctioncd by the Eoard of Trade. 
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132. There are one or two other general remarks to be 
made on the strength of cast iron. 

In tlie fírst place, it has been well establisbed tbat tbe 
strengtb of tbis material, wben moderately loaded, is not 
impaired by a long eontinuance of tbe strains upon it. 
Mr. Hodgkinson found tbat cast-iron beams sustained tbeir 
load for many years witbout appearing weaker at tbe end 
tban at tbe beginning of tbe period. 

No doubt tbere are cases wbere cast-iron beams bave given 
way after continued use; but we are bound to suppose tbem, 
either tbrougb misproportion or unseen defects, to bave been 
always under undue strain. 

133. Secondly, it bas also been establisbed by tbe investi- 
gation of tbe Iron Structure Commission, tbat, provided tbe 
strain applied bo witbin tbe practical limit of tbe elasticity 
(or say one-third of tbe breaking weigbt), tbe iron is not 
weakened by tbe constant repetUion of tbe strain, even to 
many tbóusands of times. 

But wben the strain is greater tban tbis, the metal becomes 
weakened, and will ultimately give way. 

134. Then, thirdly, it bas also been preved tbat differences 
of temperature, witbin a modérate range, bave little or no 
influence on tbe strength of cast iron. Triáis bave been made 
on bars under various degrees of beat, and it has been found 
tbat the strength is not materially altered witbin a range of 
f f om freezing to 600 Fahr.y or nearly tbat of melting lead. 

Stiffness and Elasticity. 

135. The next property of cast iron tbat deserves mention 
is its stiffness to resist distortion of form. Tbis property, as 
I bave already explained to you (Arts. 92, 93), is usnally 
measured by a constant called the modulus of élasticitt/j which 



s that, ap to a certain limit (beyond wbicli tbo straiii 
i not suppoaed to be carried.), the elasticíty of tho material 
remaina pcrfuct. 

The tests of tliie perfeot elasticity, you wiU recolleot, ani 
tbftt, in the first place, it sha,ll reíuní perfectly to its originül 
form and positiun as soun ns the distorting foroa is remored ; 
and, secondly, that the quantity of extensión or comprosBÍon 
imder a givea etrain shall bo cqual to eacb other, and propor- 
tioual to tho forcé applied— aceording to Dr. Hooko's law, wí 
tensio «i'c via. 



136. Now it was long suppoaed that east iron retainod its 
perfoct elasticíty undur considerable strain. Tredguld in- 
ferred, froni the csperimenta be could oollcct, tbat if cast 
¡ron was loaded up to about one-tbird of ita breaking weiglit, 
ita elasticíty was uot impaircd, bnt tbat it would i'eturn to 
its original fonn, 

At a later dato, howevcr, Mr. Eaton Hodgkinson discovered, 
by more accurato inveatigation, tbat thia opinión was iiot 
Btrictly cori'ect, but that the elasticíty of cast iron was im- 
paired mach oarlicr tban bad been supposed. Ho alao 
arrived at a rulo wbicL (though empirical in ita constitntíou) 
sufficiently well espresaed the departure of tbo material 
from Dr. Hooke'B law. Let 



= Isngth oí a bar iu inchee, 

= esteosion or tompreseiaD prod^iccd thercja by 



- being tliou íliopi-ojm, 



eitenaiun, of ths biLi'. 



Tben on the principie of uí tensio sic vi», tbe foice necessary 
to produce this alteration would be 



Bat Mr. Hodgkineou found tbat the reoí forcé necessary 
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(which we will cali /) followed the more compHcated ex- 
pression 

/=AÍ-B(i)'. 

where A and B are constants to be determined by experi- 
ments. 

Tbis law was publisbed by Mr. Hodgkinson in 1843. 

In 1849 tbe Eoyal Commission on Iron. Structures in- 
structed Mr. Hodgkinson to try some furtber experiments in 
order to determine these constants. 

Tbe experiments were made by taking bars of about 1 incb 
square, and 50 feet long, loading tbem witb varying weigbts, 
so as eitbor to compress or extend tbem, and tben very care- 
fully moasuring tbe compression or extensión produced. 

Tbey were made on four different kinds of tbe metal ; and 
tbe meíin of tbe wbole gave tbe folio wing, for a bar 1 íqcU 
sqnare, tbe forcé being in tons : — 

Extensión, f = 6220 y - 1 ,297,960 QV • 

Compression, f = 5773 y — 233, 472 (-Y . 

Tbe fuur different kinds of iron on wbicb tbese rules were 
founded gave resiilts not mucb differing from eacb otber; 
but I tbink it probable, from analogy witb otber knowledge 
of cast iron, tbat, bad a greater variety of specimens been tried, 
we sbould bave bad wider discrepancies, and tbat tbe stiff- 
ness and elasticity of different kinds of iron wonld bave pro- 
bably been found to vary as widely as we bave foimd tho 
strengtb to do. 

However, we may take tbe above results as probably 
tbe most accurate data we possess on tbe elasticity of cast 
iron. 

Mr. Hodgkinson also deduced rules for finding tbe per- 
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maneni set which would result from a 



a exteusLon of cast 



Perüíaneiit set = 0*0193 c + 0-G4 a'. 

Ho also triei whether tlie resulta ho had obtainacl as to 
the eitensibility of long biira strainod in tho direcíion of 
their lengtL, would nlso be borne out in bara woighted trans- 
versely, tliese bara being mado very flexible, to ahow the 
deflectious and seta more clearly. 

He fouiid tbe booiq rnleapply, as tlie doflectiouB miglit be 
dctermiDed by on eijuation of the form : — 

Weiglit on midtllo = A d + B íi=, 

the conatants A and B depending of course on the dimon- 
sionB of the bar, as woll as to aome extent on the character of 
the ¡ron. 

He also found the permanent set — s-.— s^ ncarly. 

137. It is clear, from the above resulta, that, owing to'the 
imperfect olasticity of cast iron, wo cannot deduce a modulus 
of elaaÜcHy which shall answer with porfect oxactness, aa this 
aasumoB that the material will estond or compress equally 
for equal incrementa of forcé, and moreover that the omounts 
of extensión aad compresaion will be equal for the same forcé 
applied. 

But it is Tery uaeful to Lavo a ilatum of the kind for cast 
iron, eveu though its results may only be approximate ; aiid 
if we examine the resulta of esperiment, we shall find that 
for small strains they are etill so aear unifoiinity, that ive 
may determine this datum with tolerable accuracy. 

If we calcúlate out the above equationa for modérate atraina, 
wo shall find that for a 1-inch bar — 
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for eoch ^«^^1 
iticity a (loHt^^l 



The first ton will estond or cómprese it ín round n 
abont co'flo oí its length. 

Or, the mean of the firat 5 tona will giva for e 
abont tdVb cf its Itingtli. 

Theso data therofore give the modulus of elaaticity a 
tity varying from 5000 to 6000 tons. 

Other deductions, by Jifferent eitperimentera, Lave given 
resulta varying from 4000 to 8000 tona, a variation which is 
to be oxpectcd in diSerent qualitiüB of ¡ron. ^B 

We maj prohably take a vuluo of 5500 as espressing a ¿l^lfl 
practical mean for the modulus of elasticity of cast iron. H 

1S8. Whon we come to compare tlio flcsibility of oMJH 
iron with íhat of wrought, and also compare their respeotr^| 
Btrengths to rosist cnishing, we Bhall fiad tlie remarkali^H 
fact, that althoiigh cagt iron will yield noarly twice ca nw^l 
(to a given comprcaaing sttain) as wrought iron mil, yet jU 
will witlietand three iimee ihe strain without cruahing ; ^M 
curiotis diítproportirin, in tho two cásea, betwecn the reaistao^l 
tü chango of form and the rcsistance to rupturo. ^| 

Dúctil iTf. ■ 

130. Tho ncxt mcchanical proporty ou uur list ie (ÍucííUQS 
It may, at first sight, sccm out of the question to speak^| 
the ductility of cast iron, thie material heing gcnerally co^| 
siderod uotoriouB for the ahsenco of euch a quolity. St^H 
boweveí, as tho piopcrty doea exist in cast iron in on amoo^H 
which is appreciable, thotigh very minute, it is right to g^H 
what data there are upon it. ^H 

It ia woll known that cast iron will, if tho limit of el^H 
ticity is esceodod, becomo somuwhat altcrcd in form before^H 
broaka, and thie ia sufficíent to constitute a cortain omount^H 
ductility. ^^1 
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140. I bftve defiíicd the meaaare of duetility to bo the 
proportion wLicli a bar wiU eloBgato, uuder teasile Btrain, 
beforo it brenks. 

Mr. Hodgkinson'e oorofol and dQÜcate esporiments on vory 
long bars of cost iroa havo shown ultimatc elongations vary- 
Lng from ^^ to about f^ oí their longth. 

The mean of all bis espcriments ehowcd a valúa of aboat 

Thoso figurea will tberefore eipress the duetility of cast 



141. With the aid of this we may fiirther find the valae of 
what I have called MaUet's coefEcieat, í. e. the amount of 
meckanical mork doao ia the rupture, by teufiiou, of a bar 
1 iiich Bquare asd 1 foot long, and which, you will rocolleat, 
ÍB eimply 

i breaking weiglit in Iba. X ultímate eloQgatioa in Feet. 
The lowest obtained in Mr. HodgkinBon'a experimenta was — 

Brcofcing woight, 13,089 Iba. ElougEtion = -0012. 

Therefore Üie 



Worfcw 



The highost was — 

Breaking weigM, 



6,890 Iba. Elongation -00195. ' 

Work = 16-5. . 



a obtained in theae esperimonts waa— 
Erenlíing ■weiglit, 7 tona. Elongation ^J^. 
Work = 13 0. 



142. I have montioEed the American mode of estimating 
the comparativo harílncas of diñerent tinda of cast iron, 
a 1 
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namely, by indenting it witli a pyramidical pointed too! I 
imder a heavy preesure. 

It was foiiud that wlien tlie softest kind of metal ever n 
for cannon was tricd, tlje tool, iinder a prossiire of 10,000 Iba. | 
would entfir a litüe lesa than thc musimum size of the pyrftmid, 
!. e. 3^ cubio teathe ; it was thorefore assumed that a metal 
in whioh the whole pyraniid wrmld enter migbt, for want of 
a better standard, be nwilo tito amt of compaiison, the 
bftrdneHs beiag ostimated mvcreely by the cubic indentation 
üf tbo toül. I sball ia my statemcnts cali tbis leaat hardness 
= 1 (although tbe cxperimeaterB gave it a difforent TOiliiB, 
ratber more eomplicated). 

One of tbe softest metala actually tried was bronze; ondl 
tbis gave, accoTdiug to tbe above standard, a hardnesij 
= 1-36. 

But there waa a variety of very son lío. 1 pig iron whiclq 
gave Gsactly a similar result. 



The hanlest caú iron tried gave 

A certaia No. 1 pig, Ist meltiDg, gave .. 



So. 1 iron gavB 

Pig latmeltiBg 2 '55 

Citatinga, and „ 3-0 

„ 3rd „ 5-9 

llh „ 8-8 

Mixtures of different kinds of iron gave modérate I 
ness, wbicb was always inoreased by re-melting, 

Tbo hardnesa almost always increased witb tbe i 
gravitj. 

gome irroughl iron tried at tbe same timo gave a bardi 
= 3-32. 
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143. The spetáfic gravity of iron Taries from about 6-85 
to 7-35. 

It depends not only on the natural quality of the material, 
bat also on ite mode of casting, as it hae been foimd tltat the 
lower portiona of castinga, lying imder a heavy hydrostatic 
proBBure of fluid metalj prove more dense, when cool, tban 
ihasB nearer tho top. 

The Woolwich experimentere showed this ; for by taking 
poiüoiiB of a long bar east Tertically, they found 

Top 7-217 

lafeetlower 7'263 

26 feet (bottom) 7 ■ 32i 

Mi. Mallet also found the samo thing in one specimen — 

SurGico 7-018 

lifettdown 7'14 

lu others it was lesa, bnt always incroneíng with the depth 
in the mould, 

The epecific grarity of cast iron may be taken at a mean 
of about 7'1. 

144. It Íb neeful to deduce a simple praotical rule for 
eatiíaatina the teeiglit of articloB in cast iron. 

From the mean spccific gravity above given, 1 culrio foot' 
wül weigh 7100 cuneos, or 443 Iba. avoirdupois, or 1 cubíc 
inch will weigh a littlo over a quartor of a pound {0-236); 
therefore, to ascertain the weight a caeting will be, divida 
the number of cubic inches by 4, and that will give the 
probable weight in pounds very nearly. 

145. It Í8 uot unreasonable to conjecture thnt tho diSbrent 
properties of iron may have Bome kind of analogy betwf 
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!. tiiBt ¡ron which escele or falls sliort in 
qnolities, nwy alao do the Bame in othera. 

Tto Americans Lave prepared a tabla from their esf 
menta, in whicli tliey show thftt the specific gravity o 
¡ron formB an índex to ita valué in all kinds of g 
and in haidness, i. e. tliat the different Idnds of etrengt 
the apeciño gravity and the hatdness, íncioaBe with e 

The only eiception eeema to be that the very heavieet a; 
very hnrdest ¡ron falls off somewhat in tenacity, becom 
all probabiUty weaker from extreme brittleness. 

Genbbal Rhhabks on Cabt Ibón. 

146. I havo now only a few rcmarks, of a more g 
natnre, to make on cast ¡ron. 

The greateat advantage tho material poesesses is t 
fadlity with which, by fusión, íí can he manufactared into c 
given sliape. 

1 need ecarcely po¡nt ont what a benefit th¡a ia in furtlu 
ing the prodnction of the immensely varied and cempUca 
Bbapes which ironwork ie obliged to asBume, and whlch w 
be ao estremely difficult to obtain in any other way. 
conetruction of macbinery, for esample, would be al 
forbidden, if the multitudinous and yaried forma of whi 
many of ita parta consiet could not be made ¡n caat b 

It ia truo that whei'e necesaity compela wrouglU in 
nfied, great akill ¡laa been esercieed in adapting it to c 
plicated ahapos ; but thía adaptation ia alwaya very oxj 
in compariaon with the more simple mode of i 

In all cases, thorcfore, whero caat iron ia aufficient for ti 
purpoae, the facility and cheapneas of its monufactnie n 
dotermine ita adoptíon. 



147. But we must not concsal the disaávaiitages peculiar 
to caBt iron, oí which tliere aro two, that for mnny purpoBee 
eitlier restrict its ubo or forbid it altogether, 

The firat ia its unccTlainlij or untrmtworthinesa. Take ftll 
the care we will in making a oosting, we catmot ensure its 
being what we eipect it to be. 

Thoro are several canges whicfa. may make a oasting 
unsound. The air may not get freely away from the mould 
or tho moistnro in the eaiid may blow ; or piectís of sand 
may becomo tlotached and run amoiig the iron; or the n 
may not run well together in all parta, thus forming 
joined portions, or " eald íhuls" as they are called; i 
may shrink and contract internally, and leave holeí 
epongy places. 

Any of theae causee will produce ungmnd caetings, and 
nnfortunatcly the defecta may eithor bo ont of eight, or may 
be wilfully confioaled by the workmen (often dono, I am Borry 
to say, BO cloverly as to deceivu the moat practised oye), and 
in these coses any truBt bascd on the calculated strongth will 
be foUacions. 

Henee, tho chanco of hiddeu defecta or faulty places in 
cast iron must alwnye he cousidered as n contingency in* 
evitahly connected with its use ; and must bo piovided for 
by a margin or exceaa of strength. 

And experience shows that the rulo I havo bcfure men- 
tioned, of keeping down the strain to about ono-third or 
onB-fourth the breaking weight, is naually (with caro in the 
casttng) conaidered sufBcient to ueet thia contingency, 

But fnrther, although no positivo unsoundneaa may bo 
developed, yet it may oftcn happcn that, írom pecnliarities 
in the ahapo of tho castiug, tho amtraelwn ín cooliitg may 
proceod so irregularly as to put certain portiona of the caating 
into a stato of ahnormal, and somelimcs dangcrous, strain. 
Certain parts, for esamplo, of small dimcnsions will consoli- 



date qnickly, whilc the In^ger massee retaín their fluidity ; 
and when tliese lattet aiso liegin to coniract, the füimer 
caoBot givB way along with them, and thus pottioDS are 
thrown iuto tigh tonaion. 

It ÍB «ell knowa that castings will oftüa, from this caoBe, 
fly to pieces when coldon receiving sliglit jare. A familiar 
example ie a cast-iron whecl, of wliich tJie epokcs and rim 
are thin, whüe the nave Í8 a large mana ; if no precaiition íb 
taken. in caeting tlio spokcs will bo higLly etraised, and under 
the jar of use will bo Bure to fly, 

Foundera uro well awaro of this circumBtance, and usually 
take precautions in eome measure againíit it. But etill it 
mnst be borne in mind aB one of the dcfeots to which cast 
iron IB liable. 

148. Anotlior important dieadvaQtage of cast iron for con- 
struetive purpoeea, íb its brittlerteeg, which Bpecially imfita it 
for nso in all cases where it is subject to concussions or 
TÍbrationa, or heavy impaet ; or at leaat rendere it neceesary, 
in BUch cases, to provide considerable excess of strength. 

149. To obTiate the brittlenoaa of cast iron, and at the 
same timo to tako advantago of ita oxtrome facility of manu- 
facture, an invention has latcly beeu brought iut» use, for 
Bmall caetingB, which has bocn of great ntility — viz. the nmttu- 
facture of what ia called malleable catí iron. 

The caatinga are made from very Boft and puré diarcoalpig 
iron, aDd aro aftorwards kept for aome daya, at a bright red 
heat, imboiided in powdered rud hematita ore. The action 
of thia is very cnriouB, being jnat tho reverBO of the operation 
of carhnrizing or making Btccl, called cementation — thia 
lattor infusca carbón into iron, hut the action of the hematite 
is to extract the carbón from the cast iron, and thus conveit 
it into an impure wrought iron. In aome analyses of the 
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metal by Dr. Miller, before and after treatment, the operatioa 
waa found to have reduced the carbón from 2-80 to O" 88 jíOT 
cent., ae well ae to hove Bcnsibly increaBed the specific gravity, 
and diminished the qnantitiea oí ailicon and sulpbur, thos 
otherwise improving the metal. 

Articlcs of caet ¡ron so treated become to a certain oxtent 
malleable ; their brittlenesB is gene, and they may be thrown 
about, or cven bent and hammered without breaking, 

The malleable caat iron procesa is largelj used for small 
Birmingbam mannfitetures, bnt is jet, from the trouble and 
eipenge attending it, hardly adaptedfor castings in general. 

150. We may say that cast-iron, ns ordinarily known, is 
prnctically wantíng in tbe qiialities of malleabüíty and dno- 
tility which aro bo inestimablo in wroughí iron, na enabling it 
not only to boar concuBBÍonB and impacta, but alao to undergo 
forging and fashioniag operations in the workshop. 

It Í8 curious to observa tlie atrikingly diJferent effect of 
the combination of corbuii with íren, as manífested in atcel 
and in cafit iron. The small proportion in steel haB the 
edect of improving the iron in almost every quality. It in- 
creases its strength, its stifEaess, its elasticity, its hordnoBB, 
ítB dnctility, ita maUeabUity, and gives it in addition many 
new and curious properties of the highest valué. 

But increaae the doBe of carbón a little moro, so aa to pro- 
duce cast iron, and see what a chauge takcs place : its tenacity, 
Btif&iesB, elasticity, bardaess, all siiik again even below tbeir 
original amouuta ; and the ductility and malleability have 
vanifihed altogether. 

When cast iron has to be used in a Gtrnctnro, it must bo 
cast as nenrly ns poseiblo in tho furm intonded, the only 
operations it can undergo in the faotory being such aa 
tuming, boring, or planing, to give occurney to the surtacos, 
and di'illing, to foim any necessary hulea. When several 




pieces iiave to be festoned togother, thÍB ie done by eoi 
bolts niid ñuta, m a woy with which everybody ia familiar. 



151. CaBt iron ia not so Hable to mst as wrongbt 
bnt wben it is loag exposcd to the action of sea water 
enrióos change takes place, tbo aolid iron becoming eouverted 
oitber whoUy or partiaUy into a soft grey poroua masa, Bome- 
tbiag of a graphitic cbaracter, wbicb beata and falla to 
pieoea on eipoBiiro to tbo air,* Tbo chemical nature of this 
pbenomeuon ia not wcll explained, bnt it ia important for the 
engineer to kuow of the liabüity of tbe metal to aneh a 
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152. I Biay add a word or two aa to tbo price of caat ¡ron»^ 
Fig ¡ron is aold for about 21. lOs. to 61, per ton, dependent 
on tbe ijnaUty and tbe átate of tte market. 

Caatings vary mnch in price, according to tbeir nature, 
and tbe places wbere tbey are mado. 

Large castinga, or evon small onea made in 
ancb as railway cbaira, cast in lixrge manufactoriea faToai 
ably located, may be bad from, aay il. to Sí. per ton ; more 
complicated enes, teipiring more eare, and made in amaller 
foundriea, wiU ranga from tbo latter price np to donble, 
according to circumstances. 

153 The following Tablo oxbibits in a condensed form & 
chief resulta in regard to caat iron given in tbe forogoi 
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CABT mas. 

ScMUAny íb ekgakdb Cast Ibón. 
154. Lct ua now briefly amn up the principal points of 
tbe knüwledge we possesg guiding lu to the Btrnctural uso 
and application of ca^t iron. 

a. Tho great recommondatian of the material if, the 
facility and chcapness with which it can be fashioned into 
any form, bowevcr complicated, that may be required. 

b. We ñnd that tbe strengili of caat iron ia variaMe, citend- 
ing over a very wide range ; thia strengtb depending not only 
on tbe original material nsed, but on its manipulation and 
trcatment in founding. We find alao : — 

c. Tbat it is vory strong to reaiat eomprestive or erudang 
sirains, for wbicb duty (as wq sball aee beieañer) it is mnch 
better auited than wrougbt iron. 

It ougbt, tberefore, generolly to be preferred if posaible 
for parta of iron etructuree where straina of thia nataro 
occnr, Buch as bearinga, sbort columiiB and struts, arcbea, 
&c., &c. 

d. But tbat it ia tceak to reaiat tensüe etraina, for wbicb 
{aa we Bball Bee bereafter) wrougbt iron ia very mach 
preferablo. 

Tberefore cast iron shonlJ be naod witb great caation 
for those parts of a atructure auhject to tonsile stroaa, 

e. Tbat tbe elaeticity of cast iron íb imperfect, eyen nnder 
ligbt atrains; but tbat aa an approximate practicol datnin, 
tbe modulua of elaatic atifíneaa may be taken at abuut 5000. 

/. That tbe bardnesa of caat iron ia very different in 
different epecimcna, varying from almoat tbe bardneaa of 
atcol to tbu suftneaa of brenze ; and tbat theae variations 
depcad {likc the etrengtb) botb on the original material and 
on tbe mani])ulntion. 

g. Tbat, genorally apenking, the strengtb and tbe bardoesí 
inorease with tbe specific gmTÍty. 
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h. That castings are always nncertain in their qualíty, and 
Hable to hidden defects and flaws, which may much weaken 
them, and to aUow for wliich an ampie margín of extra 
strength shonld always be provided. 

i. That large castings are not so strong (in proportion to 
their dimensions) as smaller ones ; the intemal portions of 
large masses being weaker than the extemal. 

h That cast iron is bríttle and wanting in toughness and 
ductility, which unfits it to bear concussions, vibrations, or 
heayy impact, unless it is given a great excess of strength. 
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CHAPTEE V. 
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MALLEABLE IRON. 

155. I now come to speak oí a varietj of iron which is 
oí a higher character than that alreadj treatéd of — namelj, 
maUeahle iron, or, as it is more generally termed when mann- 
factured, wrought iron, 

It is of a higher character, because it is so much purer, 
Cast iron, as jou know, is a compoimd of iron with a largo 
dose of carbón and other foreign ingredients ; wronght iron 
is the nearest thing we can practically óbtain to the pare 
unalloyed metal. 

The French acknowledge this distinction in their nomen- 
clature, though we do not : they never use the word fer for 
cast iron, always fonte ; the word "/er " being exclusively 
devoted to malleable iron. 

I shall devoto this chapter to the general properties oí 
wrought iron, and then go on to notice particular kinds 
of the material. 

156. First, as to its strength. Yon will recollect that in 
treating of cast iron I told yon that the strength of the 
material might be considered as manifested in four different 
ways — i, e. in resisting rupture eithor by tensión, compresaion, 
transversa loading, or torsión, 

Now we cannot fuUy carry out the parallel with wronght 
iron, for the reason that in the two latter modes it wonld 
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often lie dif&cult (with ordiuarily good material) to produce 
rnpture at all, in conscciiience of the duclüity of the iron. 

If we load a bar of cast iroa tranBTersely it will bend, 
if of good quality, almost double before it will break ; and 
so no limit of its transverse Btrength to resist ruptnte can 
be obtaincd. Similarly, if we try to taxist a good wrongtt- 
iron bar, we may almost tum it into a corkaorew beforo it 
will snap off, 

But in tbe two firet^named poiiits the etrength of wrouglit 
iron to resiet rupture ia perfectly amenablo to dotormination. 

I^ foT exBjnple, we fasten one end of a wrought-iron bar to 
the ceiling, and hang a weight to the other end, we ahall 
eaaily find out what weight will tear it in two, wbich will 
thua be ita uUimate lemite slrenglh, or tenacily. 

Or if we take a ehort wrought-iron pillar, and pnt a 
heavy weight on the top of it, we shall soon fiad tho point at 
which the material will fail undcr the weight, and this will 
be ita nltimate strongth to resi&t crusking. 

We will therefore consider theae two kinda of strongth in 
order, 

Tbnsile Stringth. 

157. Tho atrength of wrought iron to rosíst rupture by 
tensile etrees (or as I have caUed it more briofly, the tenacity) 
ÍB -one of its most valuable properties, and the one wbich has, 
perhaps, more than any other, led to ita exteneivo modom 
use. Thia qnality has, therefore, often commended itself to 
the attention of eugineeis, and has becn well investigated. 

Like overy other quality of this wonderful material, the 
tenacity is exccedinghj variable in different samples. It 
dependa chiefly on the original quality and manufacturo of 
the material, but I shall have occasion to show hereafter that 
tbe eize, shape, and treatmont of tho spccimens have olso &ome 
inñaonce on the etrength obtoined. . 
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We aliall flnd, for esample, tbat plates, largo forginga, 
BjnaU wire, and other apecial forma have peculiaríticB in 
regard to tteir tenaoíty wJiich rcquire particular niüntion. 

But in Bpeaking of the general tenacity oí wronglit íron it 
will be most coavenient to confine our attention to (¿he 
simplest shape in whicli it appears in the inarket, and, índced, 
in which by far tho larger portion of it ia mado and Bold — 
namely, wrouglit-iron bar. 

And we shall denoto tlio nltimate tenacity, as befure, by 
giring the weigJU in lons that will teor asnndor, by direct 
longitudinal tensión, a bar of one Bqnare incb in Gectiooal 



158. Early experimente are on record on thia aubject. 

Borne by Muaohenbrock, in 1762, are quoted, which give 
the tenacity of 

Oidiunrj iron bara 30 tons per equaroiudi. 

Stytiau 33i 

Beat Swedísh nnd EuBsiun ,. .. SVJ ,. 

But the giíes oí theso BpeoimenB were only aboitt j!, of a 
Bqnare inch área — í. e. thcy were really large mre ; and we 
Bhall Boe hercafter that they do not repreaent the strength of 
iron hnr, properly so called. 

Rumford Í8 aaid to havo foond the tenacity of good irwi 
2ii tone ; of the bcst, 29^ toas, 

Mr . Telford tried sevoral kinda of iron — Welah, Swedish, 
and Staffordshire — ímd found the tonacjty vary froni 27J to 
nearly 32 tons. 

Captain Brown, the inventor of the modem BOspensíon 
bridge, obtained 23 to 2G^ tona. 

Mr. Lloyd obtained from StaSordabire 8 C iron from 24 
to 29 tona, 

Mr. Edwin Clark tried eamples of the best Bcrap rÍTet 
iron, the quality being unusually good, and the fracture 
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beautifully fibrous, and foand tte tenacity M tons per square 
incli. 

The American Board of Ordnance fonnd the tenaoity of 

T,.iií, 
HuBB¡Bn iron 28 

IEnglisli Mlled 25 
LowMooc 25 
American hanuneied 24 

I myeelf had occosion, some yearB ago, to make some 
experimenta on tlio tenacity of itronght-iron bara uaed for 
bridge building, and fotmd tbam vary from 19^ to 24 tons. 

159. Bnt tbe lateet and moet esteusive data we bave on 
tbe strengtli of malleable iron are from experimenta toade 
nnder the direction of Mobots. Eobort Napier and Son, of 
Glasgow, the operator being Mr. David Eirkaldy, who baa 
published tha experimenta in fulL I have already alluded 
to tbeso esperimenta, and, as I ehall hereaftor frcquently Lave 
occagion to qnote them, I may tere aay at once what lítílo 
of mtroductíoa they reqnire, 

Some few yoars ago Mesera. Napier, wiabiag to ascertain 
the merita of some tinds of steel nowly introdaced, commia- 
sioned Mr. Kiikaltly to csperiment on them; bnt the inquiry 
appeared lüoly to lead to interesting resulta ; and, aa Mesara. 
Napier at tbat time hod undertaken the constrnction of two 
iron ahips of war, the ' Black Prince ' and tho ' Héctor,' 
they extended the inveetigation generaily to the use of iron 
for etmctural purpoaea, and for ship-building in particular, 
The experimenta wero very numeroue and compreheasive. 
They comprised tríala of the tanaeity, elaatioity, and daetility 
of steel bara, in grcat variety; of wronght-iron bara, in 
greater varioty atlll ¡ of stoel and ¡ron platos, teated ín various 
dircGtions; of ¡ron atrapa and anglo iron, and of varioua 
deacriptiona of iron manufacture d hy ditterent proceasos, as 



tolling, hammering, &c., togother with eiperimental inTea- 
n diSerent modea uf treatmetit in the use of iron 
n diffeient ahapea imd sizcB of apeoimeiiB ; on the 
atrength üf bolts, made iu diiFerent ways ; on wolded jointe ¡ 
on the applioation of sndden strains, and so on. 

The experiments, on the whole, were above 1500 in nam- 
ber ; and they seem to have been conducted with great care, 
and considerable knowledge of the Bubjoot. 

The firet precantion was, in itself, a proof of this ; fot the 
eiporimentera, instead of adopting the Wüülwich mode of 
advertising what they were about to do, and inviting the iron.- 
makers to sond samplcs, propared for the ocoaaion, Baid Dothing 
about their intentiona, but quietly took theír specimeos trom 
iron actually purchaaed in ílie market, the makers knowing 
nothing about the proceeding till it was all over. 

It íb a Bomewhat curious conunent on both this and the 
Woolwioh plan, that as aoon as some of tho niakors leamed 
what had been done, they were exceedíng wroth, and actaally 
attempted (by the threat of legal proceedinge) to Buppres§ 
the pubUcation, nnder the plea that tho specimens had not 
been procured directly for the purpose 1 

Soveral pieces were always tested of each make to 
obtain an average ; and generally scveral apecimons were 
token from eaeh píate or each bar. 

160. In theBü esperiments, too, an element was uoted 
and rcasaned upon, which does not seem previonsly to have 
attracted much atteation, but which has considerable infla- 
ence on the applioation of tlie reaults to practical purposes, 

This is, the effeot of the ductility of the iron, in allowing 
it to aíretch, and eonaequently to contrad in área befo» 



All wrought-iron hora, if of ordinorily good qualily, will 
atretch nnder heavy strain, and in thua elongating tboy 
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wül coutraot in their transTorso dimensionB, aome of tlie best 
and moBt ductile oneB &a much aa 50 or 60 per cent. ; i. e. 
a bar origiaally 1 inch equare vfill bücome rediteed at tbe 
poict of fracture to, say í- inch atea, or leas. 

The way in whicb thia ocearB with very ductile iron ie 
somenbat peculiar. At first, tbe BtretcMng takes place nearly 
aniformly over Ihe ishoU tenglh of tlte bar ,- and thia will go 
on, with the best irons, to the extent, perhape, of somo 15 or 
20 per cent. 

But wlien the Btrain approoches hreakíng, a more irregular 
reault nsuolly happeus ; Bome part of the bar will provo to 
be weaker tban the lest, and at this point the metal will 
euddenly draie out, the croas orea wül rapídly contract, and 
the bar will break at tbÍB diminished section. 

Now, it is a cnrions qneation, how onght the tenacity to be 
denoted ? Suppose the bar, originally I inch, and redaced at 
the fraetore to ^ inoh área, breaks with 15 tona, ought its 
tenacity to be colled 15 or 31> ton» per square inch ? On 
the ono hand, it ia quite true that 15 tuns has broken a I-inch 
bar; but, on the other haud, it ia also ti'ue that the metal 
ítBolf has takoa 30 tonB per sqiuire inch to break it through. 

Poatponing for the present the question of how the 
engineer should consider this in applying the reaults, it is 
quito clear that it ÍB the duty of the experimenler to give 
holh data ; to furaieh, in íact, the full detaila of the experi- 
raent, from whieh the peraon studying it can draw euch 
ínferonces as he may deaire. For, independently of the 
tenacity of the iron, the elongation and the contraetion of arca 
furuish valoable means of judging of its dacliliiy, us I ehall 
hereafter show. 

Mr. Kirkaldy haa earefally ascertained and given tbcae 
dato, and haa calculated tlie tenacity in both vaya. Ho 
found that the contraction of fraetured arca varied írom 5 tu 
30, 40, 50, and in somo caaes to oven GO or 70 per cent. 
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161, Thewronght-ironbara triedfortunacity 
nbout j to 1 inoh square or round, and were of i 
mnkes, — foreign, YorkBhire, Síaffordsliire, Scotcb, and Welsh, 

Estimnting the teancity bythe área of fradnre, the bigbest 
tenacity obtoiiiod was a certain Swedisb iron, that gave tbe 
enormons atnonnt of 84 tona. 

The loweet was a Sootch iron = 26 tona. 

But eatimating, os is more customarj and more practical, 
by the nriginal wea of the bar — 

The highest was a single apecimen of a Seotch rivet^irou, 
giving 30 '7 tons. 

The loweet was also a Seotch iron, a little nnder 20 tons. 

The general mean was abouí 25 or 36 tons, 

162. I must, however, rovert for a moment to the quostion, 
which of thceo eatimntps of tenaoity is the hest guido for 
the engineoF in using the metal ? Should he take the tenaoity 
on the original, or on the fradured área ? 

Suppoae, for eiftmple, he had to choose hetween two irona, 
one which ecarcely atretched at all, and broko with 20 tons 
to the inch ; the other, whieh reduced one-half, and the» 
bi-oke with 30 tona to the inch of reduced arca, bejng_^/íeen 
loiiH only on the original size. 

Ought the seeond iron to bo callod weaker, or stronger 
than the ñrst ? 

As a metal, it wouM be certainly atronger ; but, in a prac- 
tical eense, the weight that a lar of a certain dze would bear 
would be lesB than the other. Thna, therefore, we ahonld 
get the anomalous reaiilt, that the more tenacioua and more 
ductile iron (and probably much the better iron in every 
point of view) waa really the iceaker wben applied in a bar 
üf a cortnin aize, the woaknass being due, howovcr, in this 
caso, not to want of tcnacity, but to the roduction of om 
couseqaent on the dnctility. 



The praelical effect of tliis reduction in urea of fracture 
waa put to tho test by írying comparative samples of the 
same iron, soine of wLich wcro so sLaped as not to adiait of 
the metol drawing out or elougating, but to compol it to 
break at or ueor tbe origiutil aroa. And it ñas foand, 
naturally onougb, tbat tlie bar n^bich eould uot clongate 
would bear a considerably bigber Btrain per eqaare inah (•/ 
original área tban that whicb couId <lo sü, 

I am ÍDclinod to tbinlc tbut tbe old-fatibioned way of 
denoting tbe tenacity by the original orea of Ihe har ib tho 
siioploBt and rnost straigbtforward, and tbe least likely tu 
créate confusión, mid that, thereforc, it is tho bcíít to adbere to. 

Bntit mufitalwaysbo borne inmind tbat this datuni,iftaken 
«lone and imi[Uftlilied, woubl makc a bavd, brittle, inferior 
iron, Beem Buperior to oue very much profoiable in almuBt 
every rcEptci;; and that tbe engint^r, thcrcforo, rnoBt be 
cai-eful not to base bis judgment ou simple tenacíty alone, 
but must alwftjs take account of the other qualities of iron, 
particulorly its ductüily, For tbough a bard nnd brittle, 
but tenaciüUB description of iron niight Buspend, under a 
stcady load, a bigher weight tban a better and more duttile 
oue (owing to ita retoining nearly its full section to the last), 
yct Buch an iron would be bighly unfit for the great mojority 
of the purpoBeB where wrougbt ¡ron is used, and whero the 
power of ttilbetanding jerks and Kudden blowB ís necessaiy, 
for whicb ouly a tough and ductile nuality wonld be proper. 

It íb wortbj of remoi'k that tbe niost ductile qualitisH 
of iron bavo (from tbeir generaliy superior cbaracter) the 
groat advantago of more unlformily m their Btreugth tban 
tho coBnmon and more brittlo kinds. Mr. Eírkaldy found 
that gome of tbe best and most ductile irons only varíed in 
diSerent specimens about 4 to 5 per cent., while tbe hardei 
and commoner soi-tB varied 30 or 40 per cent. Aa an ex- 
ample, the iioo whicb in one apecimen sbowed tbe bighcRt 



tQnacity of aU (30'7 tons), gave in another apecimen aln 
tlio lowesí {21 tonB), Thiü was a hard, nnyielding, com 

The thÍDg I aiu most suiprised at in tLeso experímeiita i 
that tfae mitiimum tenacity is bo high aa 20 te 
(jtnmge to me tliat among all tLe epecimens of bar in 
Mr, Ejrkaldy triud, he ehuiild not have got any weakep; 
I know by my own experieuce, corroborated by the geneai 
knoTvIedge of engineers, that bar ¡ron ia oftea met with ti 
will break with considerably under 20 tons; in 
íron ia aometimea seen, porticularly in cheap raila, whi 
is groat FubbiaL, not innch better than cast iroi: 

163. Mr.StyfFegivos(Table6l.aiidII.)8everalexpí 
on Swediah irona. 

Tftkiiig the original área of tte bars, the liigheet tenao 
w)ts about 24 toca; the lowest, abont 20 tone; the i 
nearly 22 tone. 

The mean breakíng weight on the redueecí área of É 
was 521- tone, the irons being very ductile. 

164. I have generally found it eafe to assume that t 
tenacity of wrought-iron bars {estimated by the original k 
will vary from about 15 tons in the worst, to abont 30 ti 
in the best qimlities ; and, as a practica] rale, whener 
wrought bar-iron is specified to be used for atmctnral p 
poses, it shonld bo atipulated to be of auch a tenacity ai 
withatand at least 20 tons per squore inch withoot b 
This ia by no meons a sovcre teat for iron bar, and ii 
will not stand it ought to be rejected as inferior. 

At the same time, aa I have before obBerved, the goodi 
of the iron ís not to be meadured by ite lenadly o 
otlier qualiticB good iron onght to posBCBSwill be mentioiH 
as we paas on. 



Stbbsgth of Wbought Ieon to bksist Ckubhing. 

165, The second kind of strength to be considered in 
malleable iion is that to resist destrnctioa b; compressive 
forcé, or crufihiiig. 

ThÍB ÍB moie difficult to determine with ostictnesB in 
wrougbt iron tlian iu cast, owing to the greater ductüity of 
wTought iron, and the diffürent way it behaves under oom- 
preaaiTe strain. 

Whea a small piece (say, & cnbe of an inch on each side) 
of wrought jroa ia eipoaed to a gradnally-increasing com- 
preBBÍve forco, it reeists for aome tima any yiolont change ; 
but as the cruahing forcé inereases, the abape and proportions 
begin to BufFcr ; and at laat, if the metal is tolerably ductilo, 
it will begín to ooze gradually away, like a lump of lead in 
a Tice, or a red-hot rivet onder the prcasure of tbe riveióng 
machino. 

Henee, aB Mr. Hodgkinson has pertinently remarked, 
thero íb, with tolerably good wrought iion, no ench abi^pt 
chatuje as to enable an experimenter to define the esact point 
at which the crushing may be said to occur. 

166. Suflíciont has, bowever, been obaerved to enable na 
to arríve at aome general idea of the reaistance of wronght 
iron to a eompressive forcé ; and it may be token abont as 
foUowa : — 

With a forcé of about 9 or 10 tone per Bqnare inch, the 
permanent ahortening becomes perceptible. 

"With somewhat more (say about 12 tona) the diatortion 
becomea mure marked, the abape and proportiona beginoing 
to Euñer; and thia, therefore, may be considered the limit of 
tbe utility of the material in reaisting compresaiTe straina. 

It BtÜl, however, takcB more proaaure, viz. about 16 tons, 
to cauBc tbe metal to give way. 



Tío douLt.tUeBe resulte would bo found to vary conaideTab]; 
in diÉFercnt specimens of iron ; but, for the leason I have 
stated, ne have bat few data on Üie Bubject, and must tbere- 
fore be contout to take tho general reBulte as I have giren 

SriFFNEsa AMD Elabticity, 

1G7. Wo havo next to consider the behavionr of wrongbt 
¡ron under straine nhort of tLe breaking forcé, 

Suppose, as befure, our l-inch bar hung np by one end, 
and a modorato weight buiíg to the úther end ; it will Btretch 
a certaJQ amount, depeudent on its stiffness (or inveraely ite 
plíability), while its power to recover iteelf when the weight 
is removed is due to its elabticity. 

In both these respecta, wroTight iron has the advantage 
over caat iron. 

168, First, as to its dadicitij. Thia is more perfect tban 
in caat iron, inasmueh as the Ibw ul tendo sie vis applies much 
more tnily and eitensively, 

In some eiqieriments by Mr, Hodgkinson, recorded in 
Clark's work on the Britannia Bridge, a long bar waa loaded 
with varying wcighta, and the extensión was found to be 
remarkably uniform np to 10 of 12 tons per Bqoore inch; 
being as nearly as possible i ^ lo TS ^^ ^^^ length for each ton. 
BeyoBd thjs strain the proportion failed, and the extensicm 
increaBod rapidly. 

The degree of pliability varied, howover, vory much in 
differont kindR of iron, oven moro than the ultímate strongth. 

Mr. Hodgkinson belioved that a cortain defeet of elaeücity 
waa shown by permanent Bot, but thia was very slight when 
the weight was small. For esample, up to 6 tons per square 
inch, the permanent set appeared to be ^rt °^ ^^^ extensión ; 
with 9 tons it became = ^^ oí the extensión j and with 12 tone 



i 



= ^ij of tbo extensión. But somo donbt has been tlirown" on 
the occuracy of theao resulte, which, it ia balieved, niaj haye 
aneen either from error of the apptiratns, or from accidental 
irregulorities of testare. Grcnoral Morin hae tned other 
esperimente, which lend to a strong belief that no such defect 
is manifestod in good material. 

We may therefore bo justifiod iu conclnding that for 
modérate strains (say, not exceoding 10 tons per squAio inch) 
we may asBiime the elasticity of wrought iron to be sensibly 
perfect iu a practical poist of view. 



169. Beyond 10 or 12 tona the estenaion became rapid 
and irregular ; ncarly the whole estenaíoii became permanent; 
in fact, the limit of elasticity having beca cxcecded, the 
duetility carne into play. The ttUimate etrength preved to 
be upwards of 20 tons, biit the safe load foi the uso of the 
material was clearly doñaed hy the limit of elasticity, 

Mr. Styffe, in Tablo IV., givee aonie eiporiments which mate 
the limit of elasticity vary fiom about 0-5 to 0-8 of tho 
breaking weight, the mean being 0*625. This for 20 tons 
nltimate tenacity would give 12J tona for eafc load ; but it 
would not be prudent to adopt, in prnctice, so high a pro- 
portion. One'half, or 10 tons, should be the outside. 



170, Mr. Edwiu Clark points out a ouriona reault which 
he believoa to cxist in rogard to the permanent get — namely, 
that it is iwl increased hy repctitian, however ofien, of the 
same load. 

Por eiamplo, suppose wo have a very long bar of iron, 
whiüh íb quite new, and haa never yet beon strained, and let 
US pnt on a tensile forcé which will cxtend it, say, 3 inches 

* Soa remarka by Profeasor CnJcott Reílly ia 'Mín. Pioc lust. C. B.,' 



in longth ; then remove thie weiglit, and sappose ít will I 
back 2^ inches, leaving \ incti permanent aet. 

If then we repeat íhe Bftme Htrain, by putting the same 
forcé on again, the bar will only come to ihe same place aa 
befare, gi^mg no forther estension and no fiirther permanent 

The Banie thing ¡b asserted of eompresaive action, 
the cañe of a colnnin. 

In soma inTestigntionB I had lately occasion to make for 
tho Guyerument on hreech-loading rjfieB, I fonnd a fact had 
boen ohserved at Enfield which vas Bomewhat analogons. 
The spiral springa u6od in the Martini-Henry rifle Lad been 
found to beeome, in use, slightly woaker than when tbey were 
made, and it waa at first feared that thiswas an evidenee of want 
of permanent powor in the form of spring. Eut on carefiil 
esperiments being tried it wos found that the relaxation was 
due to a slight permanent set, which occurred iu the early 
use of the spring, but never afterwaiclB increaBed. Tha evil 
waa therefore at once cured by making the springa originally 
a little Btrunger than they were intended for — í, e. abont 
42 Ihs. jnBtead of 40 Iba., and then comprcBaing them re- 
peatedly heforo they were put in the lockB. This broaght 
them to tho reijuií'ed strength, which they ever afterwarda 
retained. 

The effect of thÍB proporty in practica ia of consideiable 
importance, os it shows that an iron atructm'e will not increoBe 
in deflection by any number of repeated applioations of the 
same load. 

Snppose, for esample, we have an iron girder bridge 
erectod for carrying a railway over a road ; and snppoBe, the 
first time a heavy train comea over it, it deflects 2 inehee, 
and that when the train is passed over it returns 1 • 9 inch, 
leaving one-tenth permanent set. When tbe tntin comee 
over again it will defleet only íhig 1'9 inch — í.e. it will 
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no lower Üian it ilid before, and ttiis aver and over agaín, &b 
loDg as ve picase. If it were not for tliis propert^ the 
brídge would go on taking more and more permaneut deflec- 
tion every time the load possed over, wHcli wonld, at length, 
amonnt to Bometbing considerable. 

In consequence of this cnríous property it ia sometimoa 
said that iron has the anomaJoue property of being glronger 
after tí U atrained than it wos before. Of courso thia would 
be Doneeneo ae regards the nltimate strengtb ; all tbat it 
meanB ia, that after iron baa been once strainedit will yield 
leM nnder the same presBUre ; it will beconto stiffor or lesB 
pliable ; and ÍIb elasticity will becomo more perfect nnder 
rej^otitioD of the eame lond. 

It will be instructive to mention a case that occurred 
80me time ago, where thÍB principio was practieally applied 
to great advontage. 

Ton h.ive probably heard of the procesa of drawing load 
tube by forcing it, ¡n a eemi-flüid {or sometimce in a nearly 
siilid) Btate, through a, small annnlnr bole. The lead is con- 
tained in a cylinder and preased upon by a pieton, and the 
forcé required is enormous, amounting to 50 or 60 tona per 
sqnare ineh. The practical difEoulty of getting any cylinder 
to withstand the pressure was almoBt inBUrmoimtable. Caet- 
iron cylinders," 12 inchea thick, were quito uselose; they 
began to open in the insíde, the fracture graduEilly estending 
to the outaide, and increaaed thicknesa gave no increase of 
strength. 

Cylinder after cylinder thiia failed, and the mafeere 
(Mesare. Easton and Amoa) at length conatructed a cylinder 
of wronght iron S inches thick, After nsing thia cylinder the 
firet time, the internul diametei' was so mnch increased by the 
presaiire that the piaton no longer fitled with Bufficient 
eloaencBe. A new piaton was made to suit the enlarged 
cylinder, and a further enlargoment occurring again and 



again witli renewed use, the constant requirement of new 
pUtona became ulmost os farmtdB.ble an obstocle es tfae 
feilure of the cast-ircm cylindera. Tho wrought-iron cylinder 
WBS ou the point of being abandoned, when Mr. Amos, haviog 
caiefiílly gauged the cylinder, both inside and out, found, to 
hia Burprise, that although the inta^nal diameter had increoscd 
conaiderably, the exterior retained preoisely its original dimen- 
siona. He conseijuently i>erBeTered in the coualructioii of 
new pietona, and foimd iiltimately tbat tbe cyliudera eularged 
no more, and ao the last pistón contiiiued in uae for many 
yoars. Here, therefore, tbe permanent aet operatod first in 
the intemal portions of the metal aa tbey expanded ; it waa 
then grodually estended to the aurroimding layers, and bo, st 
last, Bufficient material was brongbt into play, with per/ect 
dagticily, not only tó witbstand tbe atrain, but to relum back 
to tbe normal Btate every time after its application ; aad tbus, 
by the spontaneous and unexpected operation of what wae then 
an uuknown principie, an obataclo, appareutly insurmoimtable, 
and wbich threatened at one time to render much yoluable 
machinery usoIobs, was entirely ovorcüme, 

Tho sajne thing has been since foimd witb tbe modera 
wrougbt-iron gims, wbicb, wben firat used, eipand sligbtly 
under the Btrain, but which soon acijuire a permauent set, 
ond do not then go fiírther. 

In cast iioD, the same principie accounta for tbe result 
I have mcntionod in regard to cast-iron benms^cíz. that 
it has been found that, provided. the atrain be modérate and 
well within the practioal elaatic limit, the repetition of the 
atrain for a Yory great number of times has no perceptible 
effect in woakeniEg tho heam ; in fact, the first upplication of 
tho strain baving produced a certain permanent sei, this is 
not jncreafied by repetition, but tbe beam, under thia 
strain, acquiíes incroased elaeticity and reccives no further 
injury. 



171. The pliabili^ aad olaaticity of wrought iron nnder 
oompreseivc atrain hftve beon detormined by Mr. HodgldiiBon, 
who subJQcted to thia kind of forcé loog wronght-iron bars 
(prevented from. bending by meuhimiwvl meane), and care- 
fnlly measured the eSects rnth difierent weights. 

It wtts found that esárj ion added compreBsod tbe bar very 
uniformly about ] oooo tb of its length, anil that tbis uiñ- 
formity contimied up to about 13 tuim. But beyond this, 
1 ton moro compreesed it cearly ^-f^-frjiths, and the Becond 
ton nearly j(,g(,„ -ths. In fact, about thia point tbe coiupres- 
aioa kept on. increasing, even wbile the weight remained the 

Thie appeara to be a little more alteration than is given 
by the tenaile action ; but poBsibly the quality of the iron, 
üi' aome otber accompanying circnmBtanccB, may haye varied, 
and tbe number of diiect experimenta oa the anbject are not 
very large. 

At any rate, the two series are BufBciently near to warrant 
ns in aasuming, for practical purpoeea, that up to the limit 
within whioh wrought iron ought to be used in stniotures, 
whether in tensión or compression, we may aesiune ita ehts- 
ticity as practican y perfect. 

172. Ab to the valué of the modulue of elastic stiffncss, E, 
tbe tenaile esperiments I have mentioned give it = 12,500 



Tbe compresaive oíperimenta = 10,000. 

Otber eiperiments, by otber partiea, rango from 9000 to 
14,000, 

But it has beea generally asamned that tbe round number 
10,000 may be taheu aa a fair mean valuó, easily remenibored, 
and sufficiently near for ordiuary practical pnrposea. The 
diraensions for tbis constant muat be taken in ínchea and 
tbe weigiit in tone. 



173. Mr. Styffe givcs the following as tbe resulta of I| 
experimenta on elaaticity ;— 

Tbe elastíc forcé which Iron anil steel develop on atretching íf not 
alwBjs e<)ually powerful ÍQ the sume mnterial, biit ís dependent on the 
manner m whiah tbe metal has been previausly treatcd. TIiub, bj 
Boch mechanical operatioua as fltretching, banimering, fto^ üie ekatleitr 
maj be dimininlieci, whilat by a moderóte beat, or BtiU better by a 
glowing heat, it may be iDCceaaed. Moreover, it doos not varj lo any 
great extetit for difiérent kítids of malcríal, but it geaercUy liecressea 
with tlie apecifie giavity. The meafinre of tbia forcé, or tbe modulna 
of elaaticity, raay be ealimated in round uumbera nt nearly 14,000 tana 
for lolled oí brged bara baving a speciñc gravity of about 7 ' S, and coB- 
taioing only a trace of pbospborus; but for iion bara in wliich tbe 
material íb very cold-short, or ootitainB a Mnaidenible proportion of slag, 
it íb only abont 12,500 tona. On the contrary, in Beaaemer iroii with a 
speoific gtBVily of T'GS, tbe modulus of elnaticity niay ñse to abont 
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DoonuTT. 

174. I now como to a most valuable quality c 
iron ; í. e. its ducilUly. 

When the elaetic powor of wrought iron become 
by the etrain upon it, tbo cbaoge of its form becomes ] 
manent ; and, if tbo iron is goocl, ibis pormiinent cliai^ 
will go on increaeing to a considerable cstent, befare mpture 
takea place, 

In our 1-incb Bqnare bar, for esamplo, strained bj a weigbt 
hong at the bottom of it, we bave seen that beyond 8 or 10 
tons per aguare inch, tbo material has no longor power to 
recDver itaelf completcly, and the permaaont act increases 
rapítlly, tbe bar becoming gradually extended, or íímiwi out. 
more and more till it breaks, Tbis eSect is due to tbe 
ductililff. 

Tbe dnctility of iron may be accordingly cstimated by 
what ie called ita ulíifnate exlention ; i. e. tbe amotmt it wUl 
atrotcb imder direot tensüo strain (gradually applied) bef^ 
broaking. 



MALLBABLB laOS. 

BappoBe onr l-inch bar to be loaded as bcfoio, a certain 
length of it ia carefuUy miirked ofF aml meaaiired before the 
weiglit ie put OH ; tho digtance botwcGD the motka is thcn 
agaiu measured from time to time, as tho weight mcieascs ; 
and, last of atl, wheu tLe bar breake, the ultimate elongation ¡ 
taken in proportion to tbe origmiil leiigtb will repreeent the ' 
ductility. 

175. Mr. Kirkaldy tricd thia witb many differant kmds of 
iron, aud found the resulta very variable. 

In Gome kinds of iron the ultimate eloagation was aa 
mucb aa 30 per cent,, or = 0'B3 ; in otbers it wns aB low as 
3 per cent. = 0-03, the higliest claaa irona being generally 
the moat dnctile, and vice cersd. 

The general mean for all the bar irons tried was about 20 
per cent,, or = O- 2, 

The rale oí extensión waB not uniform (lika elaetic plia- 
bility) in proportion to the weight applied. It increaaed 
TOOre rapidly as the weight became greater (in tho same 
mannor as the pemianont set), so thnt tho elongationa of the 
bar became more and moro rapid aa weighta n'ere addcd. 

¿nd towarda tho last, as already mentioned, with the 
more ductile irons, the metnl suddenly drew out in one plaee, 
and broko by the diminution of the orea. 

Ie the hard, brittle, and coarser kinda of iron, however, 
litÜB or no indicatiou woa given of the approaching rupturo ; 
on the contrary, they gavo way anddeuly and unexpoctcdly. 

176. Mr. Styffe gives the following resulta as to the duc- 
tility of wronght iron ; — 

With sis kinda of Swedish iron tried, the masimum elon- 
gation waB neorly 23 per cent, ; the minimum, IG^ per cent. ; 
the mean, 20 per cent. 

Si>ocimeii8 of Welsh rails elongateil from 3 to 8^ per cent. ; 



of CleTeland iron, 14 to 18 per cent. ; of Staffcrdehiie 
7 to 12 per cent. ; and of Low Moor iron, 10 to 20 per cent. 
He adde (Art. 33) tte foUowing remarks ; — 

Thoamountof permanontelongution produced by BtrotcMng iroi 
Bteel U dependeiit, cot nnly on tlie chemtcal ooastitntíon of tbe materid,^ 
tlie manipulittian to whicli it h&a becn subJGcted, and tbe regulaiítj of 
ita Bectiim, but bIbo on tbe method \¡y nhirli the treotíoD íb effcoted. 
TJieae elon^tiotiB generallj incresaa more rapídly tbnn the oxcess of 
the loada above those at tlie limít of elBflticitf ; but it tnay be aesmnad^ 
thB,t tbey ara ftpproxiraately proportiooal to thia excess. 

177. The muet popular notion of the use oí dueliliíy ia 
enable the metal to be drawu into wire. Bnt this, thoi^h 
no doubt a coüEiderable advantage in iron, is by no meaiiH 
the groatest valué of the quality. It is the duct'dity oí iron 
whicb gives it tlie general power of yieldiivf, bonding, diaw' 
iflg ont, or giving way nnder audden atrains, instead of 
snapping off; it Íb, in fiict, the opposite of IHUknese 
generally apeaking, tlie leaat ductíle iron will be likely 
be the moet brittle. 

Thero íb a word in great use popularly in deaoribing ii 
namely, tougltneas, Almoat everybody knowa, practicalljí 
whnt th!s moana, but it is soraewbat difScalt to delino strictly. 

It is a sort of oonihination of tcnacity, hardneRS, and diic- 
tility, tho latter, howovoi', hoing dccidodly the chief oleraeat. 
And I need hordly remind yon that this quality of touglmese 
is, perhaps, the most important of all the properties of 
wionght iron as appüed to modem use; for it is thia that 
dictatea the Bpecial adaptability of the material to railwaya, 
mochineiy, arraoor defenoes, and gencrally alt other purpoeea 
ivhich roquire not only atrength, but also capability to reaiet 
shocks, concuseioiiB, and Budden and irregular etrains. 

1 am not aware that there ia any positive neasure of 
toughnesB, compriaing olí the qualitiea which enter into it 
Lut we may obtain a tolerable approsimation to it by wlutt; 



■of 
ed. 
.of 

of 

, as 

U| 




H. 129 

have ealled Mdlefg coefficient ; i. e. the quantity of viork 
neceBsary to break a bar, as I have bofore eiplained to you. 
(See Art. 97.) 

This íb a diract compound of tbe tenacitj oad tbe dactilítj, 
beiug = half the bieakmg woigbt multiplíod iuto tbe ultimatie 
elongatioii. 

178. Mr. Kíikaldy'a eiperiments give us the valúes of tbia 
coofficient aa deduoed from many kinds of iron. 

For bar iron we find tbe máximum (bcat Yorksbire) = 9500. 
The mininimn, a Scotch iron, - 730. 

For tbo mean of tbo bai irons tiied we may take it ae 
= 5600. 

KAitDNGes. 

179. Tbe nest qualíty we haye to ooDdder íb tbe hardnau 
of wroagbt iron. 

This, alBO, like evory otber quaJity, varíes exceedingly. 
Some kinda of wrougbt iron aro almost as hard as un- 
bardened Eteel, otbers are almost as soft as copper. 

And tbis is fortúnate, for we Bometimes require one grade, 
Bomotiiues another. Wbenever wrought iron ia aubject tu 
wear, or in those caaes where pemmnence of sbape ia 
¡a tbe proper tbing ; but ín 
roqnircd to witbstand blows, 
vibratioQS, ür ooncnsaions, without dangcr of ñ'acture, tben 
softness is preferable. In the case of armour plates, for 
esample (as I bave before had oocasioii to remark), soflneas 
is tbo quality we have Bougbt to obtain more than any otber. 

180. To some extent softness ís alKed to ductility, for 
íl atanda tu reaaon that soft iron will gonerally be more 
dnctile tbftn hard ; but tbia mnat not be received withont 
qnali&catiuQ, for, on tbe ono hand, in fine qualitien of iron 
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a good degree of Lardaess may cMWxÍBt witli considerable 
ductility, while, on tho other hond, Bome inferior Boft irouB 
may, from their wa&t of strength and tenocity, foil i 
capability. 

181. The hardnesB of aa Íron does not, taten alone, give ' 
any Índex to ita general gooilneBS of quolity. Wo might 
take the pooieat Welsh rails and £nd them tbe samo hardness 
aa tile best Yorkshiro tyiee, although tho former may have , 
cost otily 51. a ton, and tho lattei 25Í. 

182. I &m not aware thnt wrougbt íron has been eabjec 
to any direct gnuluated tests foi harduess, snch as those 
applicd to casi iron hy tho American esperimenters, Theae 
ongineers did iudecd try one piece of ivTonght iron, whioh 
they made = 3*32, but tho range of hai'dnoBs i 
samplee wonld probably be quite as largo aa in ca 

Textuke. 

188. A very good indox to the hardness or softneBs of 
wtougbt ÍTon, as well as to its character genorally, is 
furiiiahed by the natnre of ita texlure, as evidenccd by the 
appoarance of ita fracture. 

Dr. Percy (page 8) has Home escellent and instrnctive 
remnrka on the internal testure of iron, ¿rom which tha 
foUowing esti-acts will be interesting ; 

After fiiaion, itnn is highly cryetáUine, and ita Bnrftce wiU almij»' 
eshibit distinct ctyatiiiline markinga when elowly aoted on by dilute 
hydzocblorio or BOlpliurio acid. The cryetalUzation of iron haa ezciled 
much attentioD, espeoially amongst engineers, ood alfhoug!i mnch bao 
boon talked and vritteit abont it, yet no small confusión respLittiDg ít 
ítiil preTnila. Uowereí, a CBreful examiuation of tUe aubject will 
tend to remoTB tbis obseurity. 

Bar iron acqnires a largely cryatallíne etracture by long eiposnre to 
B temperature wbich, thougb liigb, ia jet verj fur below tlie meiting 
poiut of the metal, On tlie appIicatioD of a certain anioimt of heat, 
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tlie ptiiti<;1ea linve enfíicicnt freedom of motion to arrange ttemselTea 
in oryetals. Iron wliich lias buen frequently and strargly heated, 
oí iron which boa been forged into large DUUBea, and wliich most 
neceasorilj bave been aubjected during a considerable titne h) a bigh 
tompcraturu, lenda to bei^ome largelj cryatsUine in stniotiira. The 
- operaíion of bammering itou while atrongly hetited, aud dnring 
cooling to a certein degree, irill obvionsly interfere witb tbe action of 
tbe fbrcoB which determine oryatolline arrangement, and may, con- 
Beqnently be eipected to diminiah the size of the orystals. Bat in tho 
case of large masacs it vríll be diCBcalt tu affeot the metal far belnw 
the Borface, imless a Tery heavy hammer ia employed and rer; power- 
ful blowB are applied. and even then it ia hardly posaiblc to conceive 
that unifonnitj' iu íiio size of the cryatals sbould be prodnced through 
the maea. For trhen (he exterior maj be cooled donn to redneas, the 
interior must atill be at a much higher temperature, it muy be white 
hot ; Bo that on aubsoquent cooling, after tbe ceasation of tbe blova, 
the particles in one x>art of the masa nill be in a condition to eesntxie 
B more largely cryatalline Btmctnre than those in anothor part. It is 
this which oonatitutes the dlfflculty in largo forgings, and it cannot 
be overeóme by contínuing tbe hanunering nntü tbe metal in the 
interior íb aufficientlj reduced in temperatnre to prerent the formation 
of laige crystalB in that part ; for if the motal on tbe exterior were 
hanamered at too Inw a temperature, as wonld eertaioly be the caae in 
the condition auppoaed, it nould beconie biittle and tender. The 
presence of phOBphuruB favoura the formation of largo crystala, and 
thia element occurs in moat conuuercial varietiee of Bntiah iron. 

The largor the cryatals, the more eaaily nill the iron breah ; for aj 
fhicture nill occur in the direction of least roBialaoce, which íe that of 
tbe cleavage planes andof the plancBof jnnction of contiguons crystala, 
it nill be faciütated in proportion to tho aize of thcae planes. On the 
othet hand, wben tbe cryatals are comparatiyely amall, they are, ao to 
apeak, more interwoven with each otüer; there ore no large oleavage 
planes, and conseijuently there ia leas tendenoy to fractore. Whether 
the foregoing considerationa be rorre<'t or uot, it íb well establiabed in 
practiee that largenesa of crystal m a bar of iron iudicates focility of 
fracture. 

Wben a pieoe of iron which has been meltcd, and which ie largely 
crystalline, ia cantionsly hammered at a Bailable temperature into a 
ahape adapted for roUing, and then rolled mto a bar not too thick, it 
will present either a Hhroua or a cryatallino fractiu^, occording to the 
manner of breaking it, and eapLCially tbe duration of tbe act. After 
nicking it to a elight depth on one aide wílh a cold chisel, and then 
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bendia^ it elowly b£ickwa,iils from tbe line r>{ tha nick, tlie fracture 
wül be highly Übrouu, and maj be almosl silky.* On tho otíier hsnd, 
if it be nickcd olí round and afterwards Buddenly brofaen in tbe line of 
the mck, tlie fracture wilt be cryetallme 'witb, it may be, onlj here 
and Ihere an indioation of fiiire. 

Bf the operatiun of rolling, tha cr^stals are draim out i'n aae líírec- 
iíon iuto wireB, oa it were, and the reaulting bar, tlietefore, will be 
eomposed of parallel oad continuóos bundles of sncb wires, Bat tbe 
orjataUine structuie íb not tlierebj obliterated, tbe cryatala having 
been merelj elongated ; and aeoordingly every bar, eTen down to the 
smalleet size, ahould on sudden transverse ruptnre present a cryatal- 
line &acturc, the appearanca of vhieh will become indjstinct in 
proportion to tbe eílension of tho cryatala, or, in other worda, to the 
dagtee of roiliog. In the proceas of wire drawing, the same reBull 
ahould occur ; and the fracture, even of the finest wire, when auddenly 
effectod, sLould be cryatalUno, iliough it may be very minutcly ao. 

Time playa a most importanf part in determining the eharacter of 
the fracture. When tho metal íb broten with extreme rapidíty, there 
is no time allowed for the eieroiae of tha property of dnctility, and the 
fraotnre will neecflaarily be cryatalliaie; hut on the contrary, when 
nipture íb bIdwIj produced, there íb ampie time for the exercise of that 
propetty, and during the act of banding a bar iu order to break ít, the 
orystals on the oonveí side in the place of flesare actually undargo a 
proceaB cquivnlent to wire drawing. and ao tcnd to develop ñbre os 
íracturo. However, in every rollod bar it baa beeu shown tliat fibreí 
ia the form of elongated orystala pte-eiiat. Henea the fibrous fracturo 
oC B, bar of rolled iron ís partly the reault of the operatíou of beadiog, 
and partly of that of roUing. 

In a rolled bar of iroo the fibroua struotura may be rendered 
manifeat by the etching action of acida, aa is tbe crystalline in a pieoe 
of iron whiah han been melted, and for preoiselj the aame reason. 

In as ordinary rolled har of iron there is another cause inducing tiie 
manifeatation of fibre by this etching aotion. Thera ia alwaja aome 
ailicate of protoxide of iron lemaining in auch a bar, and this becomea 
extended alón g with the iron during rolling; as acida do notación 
this sUicate and the metallic úan wiüi aqua! inten&ity, it ta olear thll 
their fiolvont aotion will causa tha appearance of fibra. This ailicate 
ia apt to he írrcgulotly diS'iiaed, and lo occasion oonesponding inegn- 
larity in the etching procesa, deep funowa and holea having frequentlj 
been the reault. 

* t. c. if the quality of the iron be fine ; bat I üo not bclicve that i 
álky ubre can be produced by any means from inferior iioa. — W. P. 
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184. I will only add on tliia eubject a few general indica- 
tions ae to liow the textura of iion ia nsually considered in a 
pTactical point of view. 

Tliere are two distmct kinds of textnre observable ¡n 
tbe fracture of wrougbt iron, viz. the cryslalline, and the 
JibroiiS, and there are certaín genero! interpretations of tlieBe 
appearances which, though snbject to mony escoptiona and 
modificationa in practice, are Bufficiently near the truth to be 
promineiitly mentioiied. 

A cryüalline fracture íb geneíally coaBÍdcred isdíeatÍTO of 
hardnesa. 

If the cryatala ore fine and nniform (or, aB it is often es- 
pieased, if the iron is fine-grained or shows a " Biiccharoidal " 
fracture) it ia indicative of considerable tenacity, and of a 
high general quality. And groat tenacity is indicated by a 
particular irregular learing appearance, cansed by the etrong 
efibrt of tbe ñne crystala io hang together. 

If, however, the crystals aro coarse and large, they will 
probabiybe eaeüy separated, and tho iron (though still bard) 
wül be wanting in tenacity, and brittle, ond generally of low 
quality, 

On tbe other hand, slringy or jStrom fracturo ia, generally 
speaking, conaidered indicative of goftnesa and ductility. 

If tbe fibrcs aie^ne and silhj, tbe iron is uaually not only 
ño&, but tenacious, and generally of high quality in other 
reepects. £nt if tbey aie coarae and rough, tbe iron, though 
Btill it may be soft, is wanting in tenacity, and of low 
quality and Talue generally. 

But tbeae dírections muat not be received as iafalliblo, for 
tbe reaaon giren by Dr. Percy, tbat tbe fracture of tbe same 
iron will often differ wben broken under differont circum- 
Btances. Tbe appearances will vary according to tbe degree 
of BuddonneBB, or tbe revei'so, with which the iron is broken. 
If it íb Bnajiped Buddenly, tbeie is always a greatei tendency 
to a erystalline fracture, wbereas if it is broken bIowIj , Vg ». 



gradiial application o£ tha breaking forcé, tho tendency ia to 
show fibrous atructure. Thia ÍB esplained in the foUowing 

Tbe jS)re in iron ia produced by roUing, which appeare to 
have the cffect of causicg tho particlea to arrange tbemeelves 
in what may be called bundlos of thi-eads, parallel to tho 
length of tho bar, as it goea throngh the roUs, The more 
iron is rolled, the more morked and positive is the fibrous 
atructure ; and it is boliovod that this fibrona etrnctuie can 
be given in thia way, to a cartain eitent, to almost ony kind 
of iron, although of course some kinds will tnke it much 
more perfectly than othera. Henee mises the effect of 
repeated. rolling in making iron tourjh, which ia the lesult 
of a fibrona etructure in good iron. 

Now if we take this bimdle of threada, and break it off 
suddenly and Bhort at right angles, we ehall aee in the 
fracturo oMÍy íhe crogs-íecliong of the different threadg, which 
are in reality elongated crystals, and thia vrill give it a 
crystalliue appearance, 

But if we brcak it more slowly we give it the opportnnily 
üf heading as it hrealt», and inatead of breaking off at right 
angles, we shall get tho threads diawn out, which will emtble 
U3 to sce the xides of them, showing aJSirous frneture. 

Tho two kinde will frequently be mixcd in one piece, and 
this is often promoted by aomo portions of the iron being 
harder than others, the hardor portiona breaking more sud- 
denly than tho aofter, and ahowing more cryetallino. 

Xa iron that has bccn piled, the different layers often brcak 
difforontly, from this canae, 

Thia difiérenoB may also bo cansed aomctimos by altering 
the shape of the iron, so as to make it snap more eaeily, as 
by nickinn it, which will tend to make it look more cryatol- 
line. In fact, it has been conjectored that the act of nicMng 
may t«nd to crystallize tho iron immediately odjoining. 
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It is Bometimes even aeserted that any iron may be made to 
look either crystalline or fibroua in tlie fractnro, according 
to tho way in whicli it is broken, and that thcreforo no 
correct inference can be drawn. But thia is not tho case. 

Nicking a bar, for eiomple, and then breaking it by a blow, 
ÍB the neiial way of trying íron iu tlie worksbop ; and thongh 
this undonbtedly tends to produce crystalline fracture, yot it 
cannot conoeal a gowl tough, triilj fibroua stnicture, wbich I 
have fonnd esemplified in thia wB.y over and oyer again. 

Again, in tbe iron pliite experimenta at Slioeburynoss, 
whea a píate was atrnük by a ball flyiug at 1600 feet a 
aecond, aurely thia would be about tbe máximum of audden- 
ness with wbich tbe fracture could take place, and yct in the 
best and aoftest irons more latoly made, fibroua fracturo has 
been alwaya very marked, mised, Iiowever, gencrally with 
portione of crystalline. 

I do not, however, conceal from you that, to judge properly 
of tbe quality of iron by its fracture, requirea vory conaider- 
able e^ertence, wbicb no otber kind of teaching can 
efficiently aupply. 

185. Tbere is anothor kind of variation in the texturoof iron 
which descrves a remark or two, as it often aficcts the strno- 
tural uae of the metal ; this is a certain kind of brílüenetg 
(or as it is called, shorínese), which variea under different 
conditiona of heat. 

Some kinda of iron are very tough and fibiona when cold ; 
but Tvhon they are at a red hcat, tbecobeaion of the particles 
soema to auíTer, and the metal becomes brittlo and alinost 
rotten. The iron ia then called red-ihorí ; and of course it is 
difficnlt to work in the forge so as to keep it aound. 

On the otber hand, other kinda of iron are perfectly 
ductile and malleable, as weU as cobeaive, when beated; and 
will therefore work escollently in tho forge, but become 
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brittie and fivgíle when cold. 
iron. 

Eed Bhortnesa is, I believe, eaid to bo due to the prcBence 
of eulphur ; cold sliortacBs to phosphoraa : ttie defeete are 
very coranion, and uscre of iroE muet be prepared ofteo to 
jneet with them. 

WLorD ostensive and complicated forging operations are 
ncccssary, red-sliort iron is inadmissible, bnt wbere the 
forme are simply obtnined, and wbere tonglmeaa h 
object, jt will answer well. 

On tbo other himd, cold-ahort iroa mnat be avoided wb( 
evor tbe material has to stand blowe ot concuBsiona, fot 
ivbicb its brittleneBs woold proTe a die^ualification. 
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186. Wronght iron íb considerably more dense than cast 
iron. ItB specific gravity varíes according to thequality, tbe 
best iron being nsnally tbe deneeet, as in consequence of tbe 
amount of working it Las received, the particles bave becoma 
preesed closer together, and the ligbter impurities i 
perfectly escluded, 

Dr. Percy gives tbe ap. gr. oí puré iron, obtained 1 
electro deposit, as 8-14, but no wronght iron in practii 
nse ever approacbes tbat figure. 

The largo collection of eamples tried in Mr. Kirkaldy'M 
experimenta ranged betweea 7 ■ 5 and 7 ■ 8. 

I myself have f ound iron rails vary from 7-47 to 7 ■ ( 
giving a mean of 7 '54. But tbese are gonerally of o 1 
qnality of the material. 

It is fuimd that (ae we have alroady seen in tbe í 
of cast iroa) tbe sp. gr. fiímisbeB a fair índex of tbe gen» 
qnality of the material. If it approacbes 7 '8, 
generally be found to Lavo good qualitiea of aome e 
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orotlier; if it ia noarerT-B.it wiUprobably not have nmch 
to reoommend it. 

187. It is nsusil in practícal calcnlations to aBsnme the 
Bp. gr. of wrouglit íron to be 7' 68, as thÍ8 ia b fair average 
valué, and ¡t affords aome very gi'eat conveniences ia esti- 
mating weighta, patticularly as regarde ¡dales oad bars, tho 
two kinda in must cocunoa nao. 

Oa the aasumption of the abovo specific gravity, the weight 
of a cabio foot wül ho 480 Ibs. ; and conaequontly the 
weighta of iron píate will be aa foUows : — 

1 inch thick 40 per fool Buper. 
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rule, wticli íb not easíly for- 



gotten when once it ¡9 known. 

Then in regai-d to bars oí all ahapes, squaro, round, flat, 
anglo iron, deck beama, T irons, and all aorta of ahapea which 
nm in long lengtha, we have another eaay role, founded t 
the same OBSumption of the sp. gr. 

The weight of a cubic inch wiU be — 



1728 ■ 



81b. 



Conaeqnently, a bar 1 inch gquare and 1 yard long (co 
taining 36 oubic inches) will weigh 10 Ibg. 

Henee, to find the weight of a wronght-iron bar of any 
aection, we have only to muUiply the number of eqvare inches 
in the seclion by 10, and that will give vs the weight of 
1 lineal i/ard of that bar. 
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188. Before quitting the Bubject of wrouglit iron goaeríilly, 
thora are a few other pointa affecting ita atructural iiae which 



In the onteet, apeaüng of the teneile atrength of wrougíil 
iron, I romarkod that tte atrength varied os the área of tha 
oroaa-Bection, i.e. that a bar 2 inches aquare woníd have 
fonr timca the tonftcity of a bar 1 ineh square. 

Thifi ia qnite true, if wc Btippose the iron to be of the « 
quality thioughout, ia botb the bars. 

But there is a fact which I muat now eiplain to yon, 
which coüBidcrably afiectB the application. of thia rule in 
practico, nomoly, that the quality of iron made from the 
tome original material will vary coneiderably, aceording to 
the size in which it is produced, being generally inferior in 
tho larger and auperior in tho amaller sizes, 

ThuB, if we were to take the same pnddicd bar, and work 
threo portiona of it, one into say a largo hammered ahaft, 
onothor into a rolled bar 1 inch aquare, and the third being 
nltimately drawn into wire ; we ahould find conaiderabla 
variationa in the atrength and other properties of the three, 
increasing in the amaller dimenaiona. I have mentionod a 
similar fact in regard to caat iron, 

Tho data of atrength and other properties I haré given 
have been derived from bara which wa muy conaider the 
médium or moat conunon dimenaiona of matketable wronght 
iron. 

I may now aay eomething of the Tariotions from these 
sizea, £rBt aa regante larger, and aecondly &a regarda «moller 
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Large maaseB of wronght iron ore naually nmdo hy ham- 
mering, althoDgh of late years rolling has bccn applied on 
a mnch larger acalo than formerly. But whichever procesB 
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íb odopted, it ia found that when the rnaas íb Iftrge, the 
texíure of tlie iron, particularly in the central portions of tho 
nmsB, cannot be brought tnto a state to give such good 
reaults, eiüier of etreEgth or ductUity, aB in smaller ijimen- 



Mr. Mallet has inTeatigated thía aníijcct thorouglily, and 
e^lained cleorly hüw tLe effect oceura. 

It wottld appeor that tho iron having asanmed a tcndoncy 
to cryBtalliüe by the gieat heat, the effect of the blowa of the 
hammer, or tho prcesure of tho toUb, cannot he made to 
penétrate bo far through tho niass of tho material aa 
diminish Bufficiently the aize of the cryatala or to produce 
fibrous testure, and bo to gain tho atrength and tonghnes 
that are eaaily obtained in sroaller pieces. 

And furthcr, ia the cooUng of such large masses, ít is 
believed that from the retontion of the heat in the centre of 
the masB, after the ontsido has sei, the former wÜl be ii 
poBition to aumime a large crystollino structnre, oven if it did 
not poaBCBB it before. Moreover, it has £ro(][Ucntly been fouitd 
that the contraction of tho interior in very largo forginga, 
after the outaido has sct, has actually produced bollowB or 
tULBonnd places, just as ia maBses of cagt iron. 

It ia this which constitutea the dif&culty in large forginga ; 
it eannot he overeóme by longer coutinunnce of the ham- 
mering, which would damago the cooled exterior. Ñor can 
it he altogether diaposed of hy increaaing the weight of the 
hammera, as the alteration due to cooling would atjll always 
be present, 

It ia often BuppoBed that the teiture in a largo masa can 
be determined by that of the bara or small pieces püed up 
together to form it ; aa, for oíample, when bars of rolled and 
fibrona iron are püed up together, or faggoted, to form a 
large hloom, afterwards hnmmered or rolled into shapo. 

But thia is an error, for tho high welding heat to which 



^^^^^^^^^ ' MALLEABM IBOM. 

tho masB muat bo subjeeted, before it is worked, tenda to 
oblitérate tbe former testare, rcarranging tbe moleculea 
ofresh, in a cryetalliue form. 

Mr. MaUot (in a paper publisbed in toI. sviÜ. of the 
* Miflutcs of Inst. C. E.') has given soine pemarkBblo facts to 
iUuBtrato the comparative weakoesH and irregularity of largo 
forginga. 

Ho cut pieeea from large masees of wroiight iron propared 
in several different wayB, but all alüe in original compoai- 
tion, and he teated them by tensión, obtaining both their 
nltimafe tenacity nnd their ductUity or ultímate elongation. 
Talcing tlien the original bars which had been piled or fag- 
goted to form a largo forging, and compariog them with 
spocimena cnt from the forging itaelf, he found tbo foUowing 
resulta:— 


Originalbsr 

Pieeea taken from large forging ..I 


Tenadly. 


EluniuHiim. 


Workof 


21-9 
19-5 

16-4 


OOSS 
013 

0-006 




heavy cyHndrioal forging, which had been oiposed to heat 
and percuaaion for nearly sis weeka, gaye a tenaeity of only 
6^ tona per eijunre inch, or lesa than the avorage atrength of 
cast iron; — giving also an ultimate elongation of 0'0035, 
and the wrk oí rnpture only = 31-9; all leas than caat iron. 

Mr. Mallet obtained tho modulua of elasticity from those 
large forginga only from 5G0O to 8075, showing the metal 
to be inferior in stiffcesB, as in tenaeity and ductility. 

Mr. Eirkaldy ako tried specimens cnt from large forginga, 
and the frocturoe showed great irrogularity of atructure, witíi 
BomctimcB amail tenacity and ductility. ^^^H 
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la oao case, a piece cnt fram a crank sbaft giive : — 

Tenacity 14-5 

Ultimnte elong&tioD 0-025 

Work of rupture 107 

Another from aa anuour píate gave : — 

Tenaeity 15'4 

Ullüaato elongBtion 0-0-17 

Worfc of ruptura 825 

189. Wlile on the aubjeot of large inaases of wronght 
iroB, I may aay a word or two aa to the tinge platea wMch 
have lately come into eitensive ose for iron armour for war 
veeaels. 

Wten the Iron Píate Committee (of whích I had the 
honour to be a member) wero firat appomted, they hegan by 
iastitutiiig a serios of esporiments to test the coraparative 
atrength of platea of different thicknesaes, and they early 
discovered the iuforiority of largo masses as comporod with 
Binall. They, howevor, iirged upon the makera the neceasity 
of naing overy endeavour, !)y powerfal maobiaery, and othor- 
wÍ8o, to improve the quality, and the result has been very 
satÍKfactory, for platee wero at last obtained of 5J inohes 
thick, aa good as tha 3 or 3^ inch platea wero five years 
before, 

The Conuaittoe obtained, by testing variona gamplea cnt 
from the best plates, of 4^ and 5^ inchea in thicknesa, a 
metm of about — 

ToM. 

Tenacily 24 

Ductilíty (ultímate elougittion) .. 0-211 
Work 5670 

"Which it will be aeen is equal to the averages obtained from 
The qucation occapied a good dcal of the Committee'n 
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attention whether theae large plates were best made by 
rolliiig or hammering; some makers preferring one mode. 



Good platea had been mamifactnred by eitber proceBa. 
But soma essential difierences appeared betweea ttcm. It 
was fonad, for example, that rolled pbtea could be mado 
miicb ñofler ÜiaE hammered oaes ; the rolling procese indaced 
a fibrous Btructoie, aad tbie gave ductility aad aoftnesB to the 
iron, wbioh was eucb oa esseatial requisite for armoar platea 
as to base praotically settled rolling aa tbe moat approved 
mode of manufacture. la bammered plates no definite_^&re 
wftB doveloped, aad tbere waa always a tendency to be hard. 

But tbe rolliag proeeaa, for large platea, waa aot witboat 
ita diaadTantages, aa it was fooad ao difficult to get the 
large layera of which tbe platea were made perfeetly welded 
togcthor. 

Armonr plates are, it is tme, eiceptjonal thinga; but I 
believe tbe same principie will bo found to bold true in tbe 
comparisoa of rolled and lianiiaered iron generally. 

No doubt baromered articlea may be made of very high. 
qnality; indeed tbe bigbest qualitiea to be found are pro- 
duoed in tbia way, aa, for eiample, cranked asloa of loco- 
motivcSj whicb are tbe beat iron it is poaaible to procuro ; 
but still, tboiigb tbcse articlcB bayo Bpecial good qaaliticB of 
tbeir own, they do not possess tbe eo/í aad fibroas stnicitire 
that may be found in rolled iron of mucb lower price, 

190. So mucb for maesea of iron of sizea above tbe avente. 
Let aa now look to those beloio ; and we aball find that 
wrought iron, when it comea to small aizes, appeara to gata 
ttrength as it leasons in dimenaion. 

Mr. Eirkaldy tried some oiperimeats to áetennine to 
wbat eitent the rule of access of streagtb by diminution of 
aize waa general. He first took varioua aized bara of tbe 
Bome commercial mnke, and found a general improvoment 
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in ti¡B amaller sizee, Üiougli not very marked, or always 
uniform. He then cut aeveral pioces of the garué bar 1^ inch 
roaad ; whicli, after re-heating, were roUed down to emaller 
Bizes. The breakiiig weights were — 



When mnde IJ incb .. 



i „ 26'G 

Bat the increase of tonacity becomcs mncli more marked 
wheu the iron ia rednced to tho etill emaller state of icíre. 
This íb mado of iron of yery good and ductile qimlity, 
drawn down (as it íb termod) by pulüng it througb boles in 
a Bteel píate till it reaebes tbe size required, Tbis is done 
cold, tbe wire being freqaently annealed A^mng tbe procesB. 
Iron wire is of considerable iinportance in constrnction, on 
accomit of its large use abroad for suspensión bridgea. 

MnscbenbrSck's esporiments, already mentioaed, on iron 
wire -^ oí a sqnare incb aroa, gave 30 to 37^ tone tenacity, 

Telford aleo tried osperimenta on iron wire frora J- to j^ 
in diameter, and obtained a tenacity of from 36 to 43 tons, 

The wire for tbe Niágara Suspensión Bridgo {made in 
Manchester) from good cbarcoal iron, was found to breab, 
on an average, witb about 45 or 46 toas, 

The wire for tbo Freibarg Bridge, made ia Switzerland, 
alsofrom tbo beat foreign cbarcoal iron, stood above 50 tone. 

I myself had occaaion to make Bome experiíacnts a short 
timo ago, on steel pianoforte wire, wbich I found to bear 
the astonishing strain of from 100 to 120 tons per squaie 
inch ; whereaB tbe stool from which it was made would pro- 
bably not ha've borne, in tbe Btate of bar, more tban balf 
that strain. 

M. Morin * has giren Bomo exporiments on the strength 

* 'Késistimce dea Matcriflus.' Fatie, 1862, Tal. i.., K-t'i.,1\.. 



I wire, mada for the Buepensiou bridge of Boche 
; it woB a littlo over 3 mílliiuétTes (0*12 iiich) 
díameter, and the breakmg weiglit wae about 80 kilogrammee 
per gi^oare millimétre, or aboye 50 tons per eqnare inch. 
Ab it was suBpected that long lengthB would be leas Btrong 
thaB shurt ones, owing to the greater chance of faulty placea, 
lengths of tte same wire of 2 metres and 20 métres respec- 
tiraly fvere tiied against each other, faat on the average no 
grOBter weakneaa in the long lengths appeared. M. Morin, 
however, adds this observatioa : — 

But esperienae, and especially tlio minierona accidenta which hava 
occtured nith wire btidges, bave m.ncb modifiod the opinión in ÍBVoDr 
of wite, and Trithout at preeont enteríng further into the difooBsion of 
the subject, tlio studunt sliotild be cautianed not to place too abaplnte 
telioDca on tbe resulta of tlie experimenta bere broaght forward. 

It haa been found that wire ia weakened by forcible 
binding with ligatarea, or b; eharp bending, ruptures haviug 
aliaost always taken place at these poiuts ; henee sadi 
cauecB of damago are to be avoided as muoh aB posBible in 
coustructioa. 

191. I havo mentioned that in the mautifnctare oí wronght 
iron the quality íb improved by the repeaied working it 
nudergoes. 

Mr. Clay, of the Meraey Steel Works, triod au intereating 
experimeut to Bhow thia. He took somo puddlcd bar, and 
piled it and rolled it ropeatedly ovor and ovor again, for 
twelve BitccesaÍTe times, and tried tho tenacity each time. 
He obtained — 

Tana. 

Original slale 19-6 

2Qdworking 23'5 

3rd „ 2S-6 

ifjiímiim Gtb „ 27-5 

9tb „ 26 

12t!i „ 19-6 
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Showing that, bejond a certain point, repeated working ncted 
prejndicially. "So account, however, was taten in these 
experiments of the effect on tlie hardness or ductility of tbe 
iron. There ¡a reaaon to believe that witli good material the 
touglmeBs ia increased by repented rolling. 

192, I hove told yon tbnt the inside portion of larga massea 
of wrought iron is gencrally belieíed to be inferior qaality 
to the ontside portions. Tilia notion ha» Bometimes been 
pnshed to the eitent of beüoving that thcro is aonie peculiar 
vírtae in the externa! riiugli sJcin, and somo people wiU ohjeot 
ttí have thiB removed, for fear of weakening the piecc. 

In cast iron thie idea ie correct, the esternal ekin being 
pecnliarly strong ; but osperimenta have not corroborated 
it as regards wionght iron, for bars of this material, tnrned 
OT planed, have provcd as strong as rougb bars of the same 
metal and tho samo size. 

This is fortúnate, as wrought-iron work for machinery has 
generally to andergo much preparation of this kind, and it 
wonld be a pity if the qnality of the material were deteriorated 
thereby. 

193, Wronght iron haa aleo frequently to undergo in the 
workshop tho operation of forging. It is not found that 
this operatioa has any injurious influonce on the strength, 
provided the metal íb not overheoted, or, as the smiths cali 
it, fcam/. In some cases the tenacity ia improved byforging; 
for esamplo, Sir M. Brunel tried beat Torkahire ¡ron, redaced 
by hammering, and ohtained 27 to 3G tons. 

The effeet, hoivever, of hammering — particularly if con- 
tifined till the metal is nearly oold— is to harden the iron, 
and diminish its ductility; sometimea, indeed, with indifferent 
iron, it will mako it quite hrittle. Dr, Percy explaina thia 
by rtmarking that when iron is hammered cold, especiaUy in 
various diroctions, the crystalB of which it consists will be- 



come more or lees dUaggregated, and tboroforo tbo strengtli 
of the metal mil be ditamÍBLed. 

Iron is bIbo hardened by coÍíí roUiníi, wbicb íb somewhat 
akin to wire drnwing ; and tbÍB íb found (oIbo lilce wire Jraw- 
ing) in 8ome cases to increase the toniwjity. 

Mr. Styffe (Art. 33) saya that " by cold bammering, cold 
PoUiag, and otber forma of mecbanical treatment applied at a, 
low temperature, botb tbe limit of elasticity and the tenaile 
strength aro iucreased, while by tbo same treatment tbe 
extensibility is diminished. In tbese reapecÍB bcating pro- 
dncos an oppoBite offect." 

Iron Í8 also ofton fonnd to become hardened by being 
beated and Bnddonly coolcd in water. TIiíb is, strictly 
qwaking, tbe proporty of steel ; it is probable tbat puré 
¡ron woiild bo freo trom it, aiid tbat when it occiira it is dne 
to tbo presenco of a small amonnt of carbón, Tbo opcration 
raises the strength and the limit of elasticity, but diminishes 
the eitcnaibility. 

In all tboao casos, however, of what may be called abnonnal 
hardcning, tbo effect may bo remoyed by the process called 
anneoling ; i. e. beating tbo metal to a red heat, and allowing 
it to cool grftdnally, whicli appcars to allow the particlcB to 
renrrango tbemsclves in their Bcirmal position. Annealing ¡8 
a procesa ¡n constan! ose for wire drawing, cold metal rolling, 
and all other processeB where artificial hardening haa teken 
place, and wbero its effecta require to be removed, Steel Í8 
aoftoned in tbia way, 

Tbere is, Lowevor, no reaaon to eiippoae tbat tbo BoftnesB 
produccd by annealing will ever go heyond tbe normal degree ; 
í, e. no aiaonnt of annealing will ever oonvert a naturally 
bard iron into a soft one. 

194. Wroaght iron raay be given a bard Bnrface by 
jieculiar procesa called caseJtardenlng. Tbie consista in sn 
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JGctisg tho article to a led heat for Bome days in contact wííli 
animal snbstauceB contaming carbón — oB bone-^ast, leather 
Hcrai>B, &c. The effect ie to convert tho surfaces bo acted 
un into Steel, the nitrogoa of the animal matters playing, 
it is Bupposod, un important port in aíding the conversión. 
Many parta of tho loclfs of the emall-arms mode at Enfíeld 
are treatcd in this way; indeed, it ia proferred to makiTig 
tbem of Steel. 

195. An important qnestioa haa been raised and often 
disouasod, whether wrought ixon íb subject, by ose, to de- 
terioration of its ijuality. 

Cases bave oecaired where wronght-iron articlos, exposod 
to TÍbrationa and cononHeioaB — as, for exaniplo, pieces of 
raachinery, aslea, crank shafta, girders, &c.,^liaYO Buddenly 
failed, after being at work for a long timo, and withont evi- 
dence of weakneas or defect. And as it haa often been fonnd 
Üiat in theBe cases tho fracture haa pieaented a cryetalline 
appcarance, a theory has been raised that the continued víbra- 
tion has had tho effect of oltering the quality of the iron — 
transformiug it from a tough and fibrous to a crystalline nud 
brittle testuro. 

On this point Dr. Percy givos the following judiciouB 
remarka :— 

The qnofitian will naturally auggpat itaelf whethor gontle ribration, 
tbe reaiilt of rety frequuiitIy-ropEatoJ ]iglit blows, or of Tibratioa 
witlioat iinpiict, cBUBed by jarting, griniling action, or in. an nxla 
working in bBdiy-liibiiratBil bearinga, ot of atmining and toraiott in 
sbafte, &u^ vary mnch lesa intense tlinn would be produced by Jieayy 
bammeriug, would tend to induce peimnneat diGaggcegiitíon of the 
ciyatsla of iion and consoqucnt tendemeas. It ia a qnestioa of great 
pnioücal importanoe in rtfL-renea to the uae of iron, aa in chains iii 
coal-pita, and on milwBja, where the safety of human lifu ia concemed, 
OpinioDB are divided upun it. and I am not scquiiinted with any pre- 
L'lse expeiimonlul dato, to juatify any very positiva conclusión on. Uwi 
subject. Miiny inatancea ara reuorded iu wliick \i\no.\!üni \a iAV^b& Va 
■i. 'i 
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have induced permanent brittleness ; but if I be not mistaken, the iron 
reported to have thus deteriorated in Btrenpth has not, at least in maDy 
cases, been properly examined and tested. Changes in mechanicul 
properties of the metal may have been attributed to vibration, wliich 
were in reality due to original and nndetected flaws. In certain 
metallic alloys it is well established that vibration may cause great 
alteration in stnicture, and as a consequence, extraordinary brittleness ; 
and decided instances of such alteration are reeorded. But it may be 
objected tbat alloys are one thing, and a simple metal another and very 
difforent thing, and that although the former may be affected by gentle 
and sufficiently-repeated vibration, it by no means foUows that this 
should be the case with the latter. Accurate experiments will alone 
determine the forcé of this objection. Nevertheless it seems reasonable 
to suppose that a simple metal like iron should be affected by exposure 
to the conditions in question, The expression gentle vibration is, after 
all, indefinite, and may include very different degrees of concussive 
action, and much may depend on a comparatively slight difference in 
the intensity of such action, especially when occurring at different 
temperatures comprised even within the comparatively narrow limits of 
ordinary atmospheric variation. 

Another point remains to be considered, namely, whether vibration 
caused by impaot or otherwise may induce a crystalline arrangement 
"which did not previously exist, or was only imperfectly developed. I 
have not met with any evidence to justify an answer in the affirmative. 
All iron, after fusión, or after having been exposed to high tempera- 
tures sufficient to induce softening and pastiness, consists, as we have 
seen, of an aggregation of crystals. In the act of roUiug, or extensión 
of any kind, these crystals are elongated, but not obliteratetl, and they 
may always be rendered manifeát by sudden fracture. Now, when a 
bar becomes brittle by hammering cold, there is no rea son to suppose 
that this result is due to the actual development of a crystalline 
structure, for the loosening or disaggregation of tlie crystals originally 
composing the mass appears quite adequate to accoimt for the brittle- 
ness. If such a bar had, previously to hammering, been broken under 
special conditions, so as to allow time for the exercise of the property 
of ductility, it "would have presented a fibrous and not a crystalline 
fracture. 

Neglect in observing the essential connection between the character 
of the fracture and the particular mode in which it has been eflfccted, 
has led to the conclusión that the crystallization of iron has originated 
from mechanical treatment, when in reality crystalline structure pre- 
existeá, and was only rendered easily manifest by fracture consequent 
on induced brittleness. 
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The idoa now tmder eoaHideration has gone so far as to 
leod to the introduction of a word to expresa thís peculiai' 
action — tíz. faügae of metáis, ít being aasumed tbat bj coq- 
stant sligbt motíoii ths metal becomes fatigued or weakened. 

The quQstion is a difScult ouo, aad its diacusBion rather 
belongs to the metallurgist thas ta the practictLl man. Dt. 
Fercy appears, &oni the foregoing remarks, to cunsider sucb 
an aotiou possible, but doubts whether any eufficiont proof of 
it haa yet beon shown. And this ia the vicw which I tbink 
mo&t practical men take also. It is difficult to pi'uve, ia these 
cases of fracture, that aiiy chango has boen caused by tho uso 
of tho iron, for either the quality may havo bcen inferior 
&om the £rst, or the cbange in appearance may havo booa 
induced by somo particular mode of fracturo. 

Mechanical experiment, so inr as it has gose, diecouragea 
tho idea of any such detorioration tatcing plaue, iprovided the 
strai» be wiíkin the datlie limili of the itiaterial; for it Las 
beon found that, with iron thua moderatcly strained, the 
forco and its consequcnt bending may bo ropeated and re- 
moved altematoly for tbousands, and oven millions, of times 
without any appareat damago. 

When, however, thB strain eaceeds tbiB limit, detorioration 
of aome kind will cortainly follow its ropetition, and pro- 
bably this may have been the case iu many of the i 



But, even in this caso, if the strain is quiescenf it doea not 
appeai that the ultímate tenacity of iron is damaged by its 
boiog previoQsly strained to an oxtent short of fracture, 
Mr. Lloyd, tho cbief eagiueer of tho Admiralty, tried an. ex- 
perimont to ascortain the effect of four saccessive brcakages of 
the same bar. He obtained, on the mean of aereral triáis — 

t brenkage . . . . 23 ■ 9i ton» per sqnate inch 

,d „ .. .. 25-86 

il , 27-06 ., 



This was good dnctüe iron, etretehing about i in length, 
and rcdacing conaidcrably in Interal diineneions. 

The increase in tenaeity íb, however, puzzling. It wüuld 
eeem tliat either tlie bar waa mucli Btronger in eome places 
tban others (tlio weakeat giving woy firat), or that tbe 
dratcing of the bar had added to its tenaeity in a manner 
wbícb bas been proved to occur in wire diawing. 

In all eiporimenta on tbe tenaeity of iron it ia ft neceasary 
precantion to apply tbe strain grailiially and alowly ; and it 
doea net appcar tbat tbe time occnpied in tbia ia any 
material disadyantage to tbe roaiilt. If the hoavier strains 
were applied suddenly tbore is no doubt tbat tbe iron wonld 
appear mucb weaker than it reallj Í8, Tbeory pointa out 
tliat the estonaion for impact ia mucb greatcr tban tbat for 
passive strain. Mr, Kirkaldy fonnd, by actual experiment, 
tbat wben tbe weigbts were auddeuly applied, tlio iron bars 
broke witb mucb lesa tban tbeir propor staticol breakiug load. 

IQG. Tbo effeofa of vañation of iemperafure on wrougbt 
iron dcBcrve a pasaing notics. 

At a bigb beat there ia no donbt tbat tbe molecular con- 
dition becomos cbanged, having a tendoncy to cryatallize, 
in large cryatals. Probably all iron, befare ícoTldng, tafees 
thia condition, tbo working redncing the cryatala down to a 
Hmall grain, or lengtboning tbem out into fibre. 

It ia also very well known in smiths' ahopa that iron 
inay be ovorbeatod in tbo forging, or íitinií, aa it ia called, 
whicb developa large erystala and makca the iron Tveak and 
brittle. It ia tbo duty of a good amitb to guard againet 
tbia, whicb ia, of courae, bigbly prejudicial. 

Tbe eflecta of more modérate beating on tbe atrength have 
alao hcon aubjected to triaL Tredgold imagined that any 
amount of beating would reduce tbe coheeive forcé ; but tbia 
opinión baa been diaproved. Sir Win. Fairbaim tried speci- 




MALLEABLE IBÓN. 

a OÍ the same iron at differont temperatiires, from 0° to 
dull rod, and found that up to 300° or 350'^ tbe tcnocity 
remained Btationary, or, in some superior irons, gradually 
iraprovod ; bat beyond thiB it foll rapidly to a red heat, 
whon, of coQTse, the iron became comparatÍTely weak. 

Whea higlily heated in forging operatious, wrought iron 
loBGB Bufastance by tho rapid oxidation of tbe eurfaco. At a 
white Loftt iron buma vividly, oudiit a lower heat it oxidizee 
more Blowly. lu forging and mili operations, under great 
heat, the Burface bocomeB coated witb BcaleB of oxide, which 
may be, in a great mcaBure, detached, either by bending or 
hammering the bar ivhen cold, or by plnnging it, whon 
bot, into water. Thia ia know-n as iron smitbj-Bcalc or 
hammer-slag, It ¡s found tü cuneifit of a misture of prot- 
oside and Bcsquioaade, and containe froni 70 to 7(5 i>cr cent. 
of metallic iron. The t/xiale foijned by thÍ8 Bcole is a inatter 
always deBerving of coasideration ia forging opcrntiona. 

197. It is ofíen Bupposed that estreme cold diminishes the 
teaacity of wrought iroa; aud it is certainly a faet that 
railway accidenta oecui more plentifully, by the breaking of 
tyres, axiea, and BO on, in frosty woatbor, TJafortnnately, 
howeTer, we have scarcoly siifficient data on the Bubject tu 
juBtify our ranking thia among the establiabed phenomena of 
the material, 

Mr, Kirkaldy tried some fow eiperiments, by forming a 
nnmber of bolts out of the same bar, and teatiag thcm añer 
esposing Borne of them to frost, while the othera were kept 

It was found that when the straia wns gradually apjJied 
thcre wos very little difforenco ; whea eud^enl;/ applied tho 
Btrongth appoared diminished, bnt oaly 3 or 4 per cent. 
Tho bar was, howcver, of very superior qnality ; posaibly 
with inferior iron tho rosult might havc been moro marked. 
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Dr. Pcrcy Bnepccts that tbe coDcuBsire action m&y bave 
a, diiferent eábct at different teinperatures, comprised evi 
within Üie ortliuary limits of ntmosplieric variatioa. 

The freqaent accidentd nhicb occurred from tlie breokage of ij 
railmiys a ahoTt time ago duting the prevaleoce of a xtvcre frost, ore 
coiifirmatory ot tliig opinión. Mcreoíet it haa been cleojly demon- 
htinUd thut tbe tcnacity of irim vanes ooDHtderablj at ti^njieratures Dot 
fiLF remote froiu each oUier. 

Mr. StySe investigated thÍB point by elabórate and cate- 
fullj-conducted esperiments, and atrived at (te foUowing 
conclnaions (Chap. ni., Ait. 10) :— 

That tlie tenaile atrenglh of iron and ateel m not diminished bj eold, 
but that evea at tbe loweí<t tempeinture wliicb ever occnrs in Sweden 
it la s.t loiist as grent as at tbe oidíuai'y (empursturo. 

Tliat nt tempero tures between 212^ and 392' Fufar, the teosile 
etreoglli of eteel ia tieatly tbe same as at tbe ordinary leuperature, but 
in Boft iron it i* always gteuter. 

Tbat neílbei in steel ñor in iron is the extensitñlity less in Bovere 
oold thaa at the ordinnry temperatiire, biit that fmm 26li° to 320° 
Ffthr. it ia gauerally diminished, not to aay great txtent, indeed, in 
Bteel, bntomiBiderabiy in iron, 

That tlie limit of elaeticity in bnth ateel and iron lies liigher in 
sevoru cold, bat tbat at aboat 2S1'' Fabr, it ia lower, at least in iron, 
tban at the ordinaiy temperatnre. 

Thnt tlie modulus of elastietty in botb ^cel and iron íb increased oq 
reduction of temperatnre, and diminiglied oo elevation of temperatnfe, 
bat that tbcee variatinns never ezceed ^\¡ per eent. for a chaire of 
l'S° Fabr, and therefore Buob yariationa, kt lenst for oidiuary pnr- 
poaea, are of no specíal importunce. 

Mr, Styffe admita tlie fact that iron artiolea naeJ on mU- 
ways are füund in practice to break more readily in frosty 
weather; liut he nttributes this, not to any altenition of tfae 
iron, but to the general increased Laráness of the road, by 
which the forcé of the Bbocka ia grcatly incrcasec]. 

The tranelator of Mr. Styfie'B work, Mr. Sandberg, being 
led hy hia eíperience to be Bomewhat doubtful ae to the 
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)ns, obtained permÍBaion 
frora the SwedUh Government to try somo further esperi- 
ments oa tbe action of cold, and he records the reaulte he 
arrivad at ia the following terms ; — 

Thut for Buph iron aa íb uaually etnployoil for rnila in Ihe three 
prlocipal raC-iuaking couctriee, Waleí^ Fraace, and Belgíam. tbu 
breohing atraiii, aa tested by ailddeii blaira or shocka, ia consiJetably 
influenced hy colii, sQcli inra exliibiting at 10° Falir, only from J to 
i oí tbe Btrength whicb ¡t poaaessea at 81° Fahr. 

Tbat the ductíHty and flexibility of aucb irou ia aleo mucli affected 
by cald : ralla brokim at 10° Fahr. ahowiog oa au avertigo a permaneiit 
dañection oF less thaii 1 inoh, wliilst tbe other halves of tho same 
raÜB, brokeu at Sí" Fabi., ahowed n aet of more than 4 incboa befara 
fraeture. 

Tliftt Rt Bummer beat tlio atrengtb of tliu Abordare raiLf wbs 20% 
greatec than of the Creuaot raUs, bat tliat ia wiiiter the latler were 
30% strouger than the former. 

Mr. Sandbarg couceives that the presence or the ^nantity 
of phosphorus in the iron may considerably affect ita be- 
haviour under low temperatures, bo that somo ixona may 
give very different resulta from othora. 

198. Everybody knowa the liability of iron to become 
msty by exposnre to wet, and t.bia action ia of mnoh iiu- 

At the ordinary temperatura water has no nctiou on iron, 
even in the moat finely-divided stote, provided oír he ex- 
düded. When, however, it is exposed to the conjüint action 
of air and moisture, ruating occurs. The rust of iron ia 
hydrated aeai^uioride. 

Wrought iron ia more aubject to detcrioration by ruat tian 
.caet iron, the comhination with carbón appeara, in Bome 
measure, to act aa a preservative. 

199. Por thia reason aome meana muat alwaya bo adopted 
, for efficiently proíecling wrought-iron work from ruat ii 

espoBod situationa, or it will Boon be doatroycd. 
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And tlioro are two moans in common use for tbis parpóse. 
TIiü first ja what is called g<deanwing, a very improper 
aame, meroly derivad from o. procosB by wliich it wsb pro- 
poned to l)e dono, bnt íb not done. Galvanizing means 
notliing more tban coTcring tbe Burface of tbe ¡ron witb a 
layer of aiiic, wLicb, being much. less liable to osídation, 
proteota tbe ¡ron below. The procoss is very simple ; tbe 
iron b&a ita snrface cleaned by dilute acid, and \a tben dipped 
intü a batb of melted zinc, wbicb adbereB eo etrongty to tbe 
iron aB to form almost one substance with it. Tho process 
is, in fftct, analogouB to tbat of making lin fíale, or tinning 
tbe insidcs of sancepatiE. 

Tbe moat estensive use of tbe zinked iron is for cor- 
rngated sheets for roofing and for telegraph wire ; bnt it 
lately been olso mucb and sncceasfully used for otbet on^ 
larger articles, particularly for sbips' bolts and otbar shi] 
fittings. 

It bas been Bometimes tbongbt tbat tbe zmkíng procesa 
iaterfered with tbe strength of wrought iron, and Mr. 
Kirkaldy tried some esperimenta tu determine thie. He 
took Btrips of píate of different makes, and of thickaeBses 
varying from -^ to |, some of wbicb he zinkod, wbilo fellow- 
piecea were kept plain, These were teatod for tenacity, and 
tbe reanlta abowed no difteronce, between tbe zinked and 
tbe unzinkcd platea, gruater tban tbe slight variation dne 
to different parts of tbe samo sample. 

Eut, of courae, it ia only in comparativoly few c 
tbis zinking procesa can be applied. The more 
way of protecting ironwork ia by covoring it with 
wbicb, if well and efSciently done, is a very fair protectii 
against ordinary atmospheric conditions of wet and moisti 
Several coats of paint must be applied. Tbe iron shoi 
firat be cleaned, and tben painted well and carefully i 
witb a first coat of red-Iead paint, mado vory Ihin, with 
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olijeot of first covoring the iron well ia every part, nnd 
getting tte paint into every nook and crenuy ; wlien tíiÍB 
tbin coat is dry it forras a good tenacioue basa for futnre 
coats, of wliich two or throe moro, now ronde much thicker, 
Bhould bo iidded, each coat being olJowed to dry before the 
new ono is laid on. 

Several kinds of paints are naed, and many so-called patcnt 
aiiii-corroüoe nostrums hftve been propoeed; bnt I om not 
aware that anything lias been foimd to answer better tban 
ordinary lead paint of good quality. 

Bright ironwork, auch as tbc fittod parta of machinery, 
&c,, whicb ie required to be 8ont abroad, and may bo exposed 
on tbo Toyage to the action. of water, is often covored 
with a mixtui'e of wbite-lcad and tallow, tbo former boing 
added tu gire CDnaistenco to the latter, and prevent it froni 
melting and running off undor heat. Dr. Porcy recommonds, 
for the same purposo, common rosin melted witL a little 
Gallipoli oil and spirits of tnrpontine. The proportions, 
whicb may easily be fonnd by trial, ahould be such as will 
raake it adhoro firmly and not cbip off, and yet admit of 
being easily dotachod by cautious Ecraping. 

Iron structuros, if well painted, will be protected for a 
sbort period; bnt the painting ninst bo carefully waiclied and 
often renewed from time to timo, or the insidions osidation 
■will creep in, 

200. The necessity for thia Las lod to a praotice whicb 
has, indeed, beconie a moBt important principio in tbo design 
of all iron structnrea, particularly those of wronght ¡roa — 
í, e. ao to lay them out that the whole of the surfaces exposed 
to atmospherio action sball be easili/ nccessíble for the pur- 
poses of examínation and painting. 

If any parts eannot be got at freely, they will assuredly 
be destroycd in a fow years. 
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A11 railway engínecrE who understancl the; 
take great pains to make their iron bridges confonn to t 
condition. In the woU-known Britannia Bridge the eel 
the top were ninda of sach a aize that a parson could c 
through thora to oitimiae aud psiut the inaides ; and ( 
were introduced for this expresa purpose in tho boiíom, whei 
otheririae thej would hftTe been imnecessary, 

201. It is aleo doairable, in atructurea mnch exposcd, not to 
hftve Biiy WTOugbt-iron paita veri/ fhin. Strength tbat wonld 
be satBcioDt for ntore mechanieal atraine ia often much too 
littlo wben tho chanco of osidatioa of the Burface is als^ 
oensidered. 

I canuot belp anying hero, tbat the enormons recent mull 
plicBtion of railway and bi'idge strnctnres composed of elendt 
WTOiight-iron hará, givea me some alaria for the fature 
for I cannot bring myself to believe that tbey will, or can,' 
be efficiently preaerved from oiidation for any great dorotion 
of tiue : aud it muat be recollected that tbeae bar Btructnrea 
(iftea depend on ench a principie that the failure of one part 
of tbem (likü that of a link of a chain) would destroy the 
stability of the whole. 

I cannot, for inatanco, think that the aaving of a 
thouBand pounda of expense waa auíRcieut to justify 
metropolitaa anthoritiea in adopting thia aurt of etmcl 
foT Buch impoitant national munmneuta as the ptiblic br 
at Weatminator and Blackfríara. Their predecesaors 
wiser ; for tlio handaoiuo atone atructurea of Loudon 
Wflterloo bridgoa will be tho glory of the nation cení 
nñer their flimay and cheap iron rivala have rotted away. 
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MALLEABLE IROS— (coniínuai). 
DlFfEBENT QuALITIES IN TEX HabsET. 

)2. I havo repentedly remarked how mnch wronght iron 
',» in almoat tjvery qu&lity it posBeeses^in tenaoity, ia 
e Btrcngtli, ia pliubility, ia dnctility, in hardnesB, 
iu tougbnesB, and bo oh, 

But it may naturally te asked, Is the quality of tlie 
iron wn use to be alwnyB a matter of «ncertainty? or, 
if not, wbat guide can wo get for tha chotee of ¡ron, so as 
to ensure ita f iiltilliji g tbo conditions of quality we require 
from it? 

Tbie leads ns to consider tbe varieties of chotee affotded 
by tbo different kinds and qualities of iron m'LÍcU are foimd 
in tbe market. We eee offered for sale many kinds of 
malleablo iron, coming from many diñerent districta, made 
by many different maltera, costing widely difforent prices, 
and kaown by many different deBcriptiye appellatíons, indi- 
cativo of greater or lesa differences in quality. These dis- 
tinctions, tberofore, miiEt fona an eBeeutial Bubjeet of Btndy 
to tbe engineoF. 

On tbia point, iowevcr, I muat insist on tbe great valué of 
tbe knowledge gnined by practical ftrperience. Tío amonnt 
of Bchool stüdy or book-lcaming will ever ícach a man bow 
to use iron to tbe bcst advantage ; to do tbis be mnst havo 
leamt tbe various properticB and qnalitiea of tbe different 
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kinds and makes oí the material by actually nsing and 
observing tbem ; and the want oí this sort oí knowledge, 
no amount oí information otherwise imparted can ever 
efficiently supply. 

AU I can pretend to do here is to make yon acqnainted, 
as far as I can, witb what we know generally oí the diñerent 
kinds and makes oí iron, that can be identified and obtained 
in an ordinary commercial way. 

Foreign Irons. 

203. Probably the best irons practically obtainable are the 
foreign ones; chiefly from Sweden, These are made from 
good ore, smolted with charcoal, the product being very fine 
and comparatively puré iron, generally soft, and tough, and 
of good tenacity. 

The Swedish irons are mostly nsed for making steel, for 
which, in conseqnence of their comparativo purity, they are 
well adapted. The production of them is but small, they 
are very expensive, and consequently they aro scarcely ever 
used for structural purposes. 

Best Torhshire Iron, 

204. But, fortunately, we are able to produce also a very 
fine quality of iron in England, the manufacture of this 
class of material having been undertaken expressly in a cer- 
tain iron-producing district in the immediate neigbbourhood 
of Leeds and Bradford, in Yorkshire. The largest and, I 
think, the oldest firm making it is the Low Moor Company ; 
and this class of iron has consequently been called eithor 
Best Yorkshire or Low Moor iron. 

The latter ñame, though still often used, is not strictly 
appropriate, as there are now several other firms besides the 
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Low Moor Compony, wLo mnke this best iron. I shall, 
therefore, alwflys eall it Beet Yorkghire iron. 

la addition to the Low Moor Compnny, there waa another, 
the Somlinrj (closo by), which made this iron at an early 
period. Theae two companies had a particalar iron ore on 
tlieir land, and also 8 particular qnality of very fino coal ; 
and it was assarted tbat botli tliia ore, and thia coal to work 
it, were eBsentiai to müke this firat-class ¡ron. 

By degroos, however, it was fonnd that pig from other 
BonrcoB, if properly Belected and workod, would anBwer the 
pnrposo ; and as the demand for thia iron haa increaaed, othet 
housea havo aiicccsEfnlly undcrtakon its manufacture ¡ but aU 
ín the Hame immediate neighbourhood, I may montion 
ais: firma, vix. : — Low Moor, near Bradford ; Bowling, near 
Bradford ; Fumley Iron Works, near Loeda ; Cooper'a Iron 
"Worka, Leoda ; Taylor's Clarence Works, Lecde ; and Monk 
Bridgo Works, Loeda. 

There are eome other firma, both in this and other día- 
trictB, who occaaionally manufactnie gpec'ol kínda of ¡ron 
of high qnality, but those I have named are acknowicdged 
as of eatabliahed character for snpplying the ordiuary market 
with Bfigí TorJcghire iron. 



205, The roanner of making thia iron has alrcady been 
described in Art. 63. To ensure a good result the groatest 
care and attontion must be giren through the whole procesa, 
and if in any atage of it any signa of failnre or deterioration 
should appear, the faulty pieces must be thrown aside, The 
large price nhich best iron sells for ennbics tho manufoc- 
turers to do thia ; and, indcod, it is only tho assnranco that 
all this core ia taken which warrants the price chargod. 

20G. The peculiar merit of bcat TorkBhiro iron ia, that, in 
the firat place, it combines in itaeif a higb dcgree of cvory 
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good qnality that íron should possess ; and secondly, it has 
the great and special recommendation of being higlily uniform 
and trvstworthy, and it may therefore be used with much more 
confídence than iron of lower qualities. 

We might find specimens of other iron more tenacions, 
harder, or more ductile ; but we could scarcely ever gefc these 
qualities all combined in one specimen; or if we could, it 
would be only accidental — we could not rely on getting it 
uniformly the same. 

207. The tenacity of best Yorkshire iron is generally 
high. 

Above thirty bars of three diflferent makers were tested by 
Mr. Kirkaldy, and the breaking weight, per square inch of 
original área, carne out between 26 and 30 tons — the mean 
being 27^ tons. 

208. Then the ductility and toughness are very high, and 
also very uniform. 

The ultimato elongation of the iron just mentioned varied 
from O • 20 to 0*26 per unit of length — mean O • 24. 
The work done in ruptura was — 

Highest 9500 

Lowest 5700 

Mean 7400 

But the toughness is well established by experience of the 
manner in which this kind of iron works. It is quite devoid 
of the defect of hriitleness or cóld shortness; for it may be 
knocked about, and indeed often bent double, when cold, 
without even cracking. 

209. Similarly, it is also free from the defect callad red 
shyrtneas ; it is perfectly malleable when hot, and will stand 
almost any kind or extent of worhing in the forge, without 
dcterioration. 
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It ÍB eounder, moro free from laminations and defects, 
owÍDg to ita being made chiefly in larger blooms (uot piled), 
Bud more thoroughly and forcibly worked. 

210, And it is very Jtard, or at least may be mude bo wben 
reqoired, so as to staad wear eiceedimgly well. Many in- 
ferior kinds of ii-oB are alao liard, bat ín these tlie hardnesa 
is almost ftlways accompanied by britÜewxs, wbich is not the 
case witb bcst Yorkshire iron. In tbis, tberefore, we have 
tenacity, hardness, and tougbnees all combinad. 

211. Tbo fracture of beet Yorksliire iron may be eitliQr 
crystalline or fibrous. In tjia larger articles, principally 
hammered, sucb as tyres, axles, &c., it is usually cTystalline, 
the crystal being of a fine grain. In xolled bars of emaller 
size, wbicb are ofíen made to be peculiarly tougb, it stows 
a fine ailky fibre. 
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212. Beet Totksbire iron feteh 
give yon hereafter some príceB of 
iron, but we may say roughly, that best Torksbire iron is not 
far from twice the price of the common material. 

líow, no doubt, this price is high, not only in comparisoa 
with other kindB of iron, but also poeitively os regards the 
actual oost. 

Bnt it toast be recollccted that the solling sum inclndes 
not only the prico of tho article itself, but also a charge for 
the guaranlee as to the uniformity and excellence of the 
quality ; so far at least as care and nttention can go. 

The manufactorQ of iron ia always uncortaiu ; the only 
assnrance we can have of its (¡uality is by knowing that evcry 
possible care haa been used in its preparation ; and it is 
a condition of tho cstabliahed reputatiün of the housos who 
mako this iron, that they undertake to giro this care, in con- 
sideration uf a high price paid tbem. 



We know that for this priee they can afford not c 
to Bclect the begt material and to tnke the greatest care in 
raaking, bnt also to be liberal in their rejection of iron found 
iinporfect during any atage of its progresa. It ia more to their 
intereat to put aeide faulty material than to risk their repn- 
tation by aending it ont for aole ; onil henee we have the 
boat asaurance that we reolty gct the beat posaíblo articlo. 
For, I rcpeat, it ie the uniforviity of the quality of beat 
Yorkshire iron, and the confidence with whi<jh it may I 
nsed, which forma ono of ita bost rocommendationa. 



213. Best Yorkahira iron ¡8, or at leaat ought to b 
for all pnrposes where a BUperiur, tinatworthy material i 
aufficient importanco to juBtify a little extra expense. 

It ia nsed in loeoraotivea for cranked and straight s 
wheel tjres, and all iron working parta, aa well as for t 
boiler platea. la all boilers it ia, or onght to be, i 
apecially important parta, aa fire-tubeB, &c. ; aad : 
work auch platea and other piecea aa have to nndergo a 
bonding or other aevere trial without injury are i 
bcst Torkahire iron. 



Slaffordskire Iron. 

214. The qnalities of iron below beat Toi-kshire are ( 
varioUB that it would be impoasiblo to describe oí 
enumérate them. 

TLey are made tn aereral iron districts, Walea and I 
land prodncing coaaidorahle quantitiea; but probably i 
principal i>ftrt of tho wrought iron used in England 1 _ 
mannfaetnriiig purpoaes comes from the great iron and oool 
fielda of the Midland Counties, of which Staffordsbire is the 
chief; and henee thia iron, aa a masa, is callod Síaffonír ¡ 
shire iron. Indeed, it ia not imconmion among í 
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" SltiJ^onlskire" wliicli ía not best 



215. There are some escoptional qnalities of iron, both 
Stftffordshire and Welah, mado in epecial modes, and for 
apeoial pnrposes. 

Bat omitting these, and troating of the ordinary cominer- 
ciol kinde, and taking Bnr iron as aii illaatration, we may 
conaider tbat thoro are tliree kinds of tbe material nsaally 
foimd in tLe markct. 

The first ia called Merchant Bar, ai eommoa iron. Thia 
is the lowest or commonest kind of malleablo iron nsablo for 
BmitbB' work. It is genorally of inferior and untmstworthy 
quality, hard, brittle, and will not work well. II ia used 
therefore for tho commonest pnrpoaea, wtere bat little smith- 
iüg ia required. 

The aecond quality is called " Best " iron. This is of a 
better and more trustirortby quality, generally tougher and 
more ductile, and better adapted for amitliing, It is the 
kind of iron moat nsed for ordinary good work ; and it is 
very cuatomary in speeifying wrought-iron work, to átate 
that it-ehaU be made from iron of a quality eqnal to 
" Beet " Staffordshiie, 

The third is an extra quality, called "Best Best." Thie is 
pecuUarly made for chains, rivets, and othor spccial pnrposea 
whero extra toughneas ia deaircd. 

216. It muat be underatood, however, that theae classifíca- 
tíone are exoeedinghj general, each class compriaing an enor- 
mouB variety of kinda and qualitiea — to chooao bctween wtich 
ia imposeible without tho aid of practical oxperience. 

The guide which practical mon have, is ia tbe brand or 
¡rodé mark, which all firma wbo profeea to make a reapect- 
able article, stamp on their iron. These roarka are known to 
M '2 
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all people who use iron on a large scale ; and the same brand 
is understood to indícate a certain degree of xiniformity in 
the quality. All iron of decent quality onght to be stamped 
with a known mark, and thongh it may not follow that all 
marked iron is good iron, yet it may be safely assiimed 
that unmarked iron is generally 6aá, and ought not to be 
used where quality is of any importance. The makers of 
best Yorkshire iron all impress the ñame of their firms on 
every article they manufacture, and now often add the date 
when made. 

The makers of other classes of iron generally use abbre- 
viations or marks understood in the trade. 




The iron marked \Bmq^ (called S. C. Crown iron) is a Best 

se 

Best iron, made by Messrs. Bradley, of Stourbridge, and is 
in great repute in the London market for making bolts, 
nuts, &c. 

It would be impossible to give a list of all the trade 
marks ; the foUowing are a few of the best-known Stafford- 
shire houses : — 

B. B. H. is the mark of Messrs. Barrows and Hall. 
A Mitre, that of Messrs. Williams. 
A Lion, that of the British Iron Company. 
L. W E D, that of iron made at Lord Dudley and Ward's 
works. 

These, and indeed almost all large firms, make the three 
qualities of Staffordshire iron. When it bears no mark, 
except tho ñame, it is the commonest or Merchant Bar kind ; 
the two better kinds are marked in addition ^^ Best^' and 
" Best Best " respectively. 

Thcso irons, of course, vary in almost every possible way, 
in tenacity, toughness, ductility, hardness, facility of work- 
ing, and so on. It is only by long practical experience that 
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1 thca they are 



their qualitiea cftu Itecome known ; aud e 
alwaya more or loss uncertain. 

For genorftl purpoaes, hoivever, of bar iron, a quality that 
breaks tough aud ñbrouB, and that ia found to work tolerably 
well in tho forge, ifl coneidored a üseful aad eligible iron. 



DiPFBEBNT FoBMa op Mallbablií: Iron ik tus Mabkbt. 

217, I now pasa on to speak of the yarioua formB in whieb 
wrougbt iron is obtained in the market, for the purpose of 
maktng mechauical striicturee. 

Ton will knovr the difference betwooa casi and tnronght 
iron in thia reepect. 

In the fürmer, cast iron, we give an order to the maker 
of the material, i. e. tho fotutder, to aupply ns at once with 
«ny shape we reqiiire. 

In wrought iron we may oceasionally, to aomo oxtent, do 
the same thing, by ordering forgingg, which are massea of 
wrought iron forged into given shapca, 

Bat this is eseeptional. By far the more common way ia 
to parchase the material in certain fíxed shapes (adopted for 
convenieBco in the market), and then to build or faahion ,. 
these into the structure desired, 

Tboae marketablo shapes therefore, and the qualitios and 
pecnliaritioB incidental to them, roijuire some notice. 

218. Tho most common and nseful form is Bar iron. This 
consista of bars usaally about 15 feet long, and of varioua 
transverso sections. 

In the fií'st plnue there are sqaare Bars; i.e. bara whoae 



transverse sectíon is a aquare | 



; and these are to be had 

ons dimensiona, £rom aboat ^ inch on the side, np to 

A inches. 
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And then there are round hars, whose section is a circle 
, of about the same range in diameter. 

Square or round bars of ^ inch and less are called roda ; 
or if mucli smaller, they become tmre. On the otber hand, 
it Í8 not customary to keep bars mucb larger than 3 or 3^ 
incbes square or round. If wanted, they are forged specially. 

Tben there are what are called Jlot bars. This is a ñame 
giyen to bars of rectangular section ¡É^rt , in which one side 
is greater than the other. 

These are of a great variety of sizes ; the most generally 
useful being kept in stock, and special sizes being rolled to 
order. The dimensions of flat bars may vary from 1 inch 
to 6 or 7 or more inches broad ; and from ^ inch to 1 J or 
2 inches thick ; and of these dimensions they will be rolled 
the same length as other bars, say about 15 fcet. 

But if they are required to be more than about 9 inches 
wide, they are made shorter, and then become platee. 

Bar iron is made of all possible qualities, from Best Torh- 
shire down to the veriest rubbish that will hold together. 

Bars are of course made by rolling : in the best kinds the 
iron is hammered in the preliminary stages of its manufac- 
ture, the rolling being the last process, to give imiformity of 
section. 

The term Bar iron is understood only to apply to bars 
of the simple forms I have alluded to, viz, square, round, and 
flat. There are many other shapes in which bars of iron 
are rolled, but these usually take different ñames, and I shall 
speak of them hereafter. 

219. The next form of wrought iron to be mentioned is 
that of Platea, 

Wrought-iron platos are made of any tJiickneaa, from about 
I or ^ inch to 1 inch, in gradations usually measured by 



16ih^ of an inoh. ThuH after \ {or ^) comes -^ ; then f 
(or /j) ; then -^, and bo ou. If very thin, they are oalled 
Sheets. 

The lengths and breadtha of platea aie very various. 
Thej ara usaally made to order, of such dimeneíons as the 
pnrchftsor desirea. Whon they exceed abont 3 or 4 owt. in 
woight, they bear an extra prioe. 

Phites ara made by rollmg. The iron is prepared¡ in the 
preliminory procesa, ia slabs oí a Hat shape ; these oro piled 
one on the otber, Bubjectod to a welding heiit, and then rolled 
Ottt to the requiíed thicfcneBS ; after which the rough edges 
are cut off with large shears, worked by machinery, so as 
to give a £a,ir shape {nsually rectangular), of the leagtb and 
bteadth roqnircd. 

Tíow the rolling produces (if the iron be tolerably good in 
quality) a fibrons atructure to a ceitain extent, the longth 
of the fibro being parallel to the diiection of the rolling. 
During the maniifectare of the platea they are rolled in 
both directions; but when one dimenaion miich exceedH the 
other, as is generally the caac, the píate getB more roUing 
in tho direction of the length, and heneo the fibrons textüie 
ía more perfectly dofincd in this direction. 

220. Fot this reason the qnalitioa of a rolled píate are 
generally aomewhat difieren! in the two directions, longi- 
tudinal and transTerse reHpecti?ely ; and I ehull have occasion 
to distiüguiah between them by those namee. 

I ehall cali, for esaniple, the longitudinal tonacity the 
strength when pulled parallel to, or hroken aereas the fibra. 
The tranaver^e tenaeity is that developed by piilling at ríght 
angles to the fibre, tho fracture being parallel to it, 

The quaUties of wrought-iron plates are ao important 
that they bave boen frequently inveatigated, aeparately and 
difitinctly from other forma of wronght iron. 



221. And first, e 
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B tciiacity, It might be reasonedl 
that, since it has been found that when wtoi 
rolled, or drawn ¡uto amall bars, it gains in tenacity, there- 
fore, by analogy, tbe Polling into tbin plates migbt alao 
improve it ; eo that, ou tbia principie, platea migbt be 
expected to be etronger tban bars. 

But tbis Í8 not Bo ; tbey are really weaker by about 20 per I 

Tbe usual rough popular estimato ie 25 tona for goodj 
bars, and 20 tons fur good platos; but I must give you tbsfl 
data obtained ffloro carefully. 

Mr, Fairbniru, in 1838, tried eiperiments on twenty pieces i 
of píate of varioUB kinds, and obtained a tanaeity yarying;! 
from about 19;^ to 25^ tone per square inch ; and he fonad I 
reaaou to tbint there was no great difference in the tenacitfiV 
wbetber the plato was drawn in tbe direetion of tbe fibre tít^ 
across it. 

But thÍB latter Gonclusíon bas not been confirmed by later 
experimenta ; indecd, Mr. Fairbairu bimaclf, in Bubsequent 
triáis, airived at a differont conclusión. It has now been, I 
tbink, Gonclusively Bhown tbat, for plato of good qiuditg, the 
longitudinal tenacity íb greater tban the transverBO. 

Some exporiments on the atrength of platea were tried by 
Mr. Stephenson'a direetion at tbe conatrnction of the Bii- . 
taunia Bridgc. In tbe first instance be tried several platsaJ 
all puUed in tlie direetion of tbe fibre. Tbey wore 4 incli«^ 
^ ineh, and ¡J- tbick; and tbe lesnlting longitudinal tena- 1 
eity varied frum 18 to 22 tons per square ¡nch, giving a 
moan of 19 ■ fi tons. Tbe iron was eupplied by < 
makera, in Síaffordehire, Derbyshire, and Shropahire. 

Mr. Stophenaon then tried the comparativo streí 
when broken, eiÜitT parallel vñth, or aerots tbo fibre. 

Two plates were selected, und from eacb plato two e 
meus were taken, of suitable form for tosting. One epecimeii 
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in each pair was ent out in the direction of the fibre, and the 
other aerosB tlie fibre ; Üitib in all other respecta they ware 
precisely similar. 

The resulte were, for tbe nltimate strengtli — 

Drawn the direction of tbe fibre — 

Ist píate 19'66 tone per sqtuice incb 

2Qd 20-2 „ 

Mean .. 1993 íona(loDgítuiliaBl tenncitj}. 

Drawi! acroBS tte fibre — 

Ist pkte lfl'93 tone porsquate iach 

2nd „ 16-7 „ 

Mean .. .. lt!-8 (traasvecae lenaeity). 

Or abont 18 per cent, weaker in the latter direction. 

Mr. Kirkaldy tried a great niimber of platee of varioua 
qnalities and makes, in botli dircctionB. 

Taking for the prcBent the longitudinal tcnacity (tbe 
etrongeat way of the píate), tbe Best Yorishire jdates gave 
(per square incb of original área) — 

Tona. 
Mi nimuTn -, 21 
Wt^^^'"^^^'" - 28 

Mean 24J 

Other makee of píate rariod from^ — ■ 

Minimom 16i 

Máximum 2TÍ 

Mean 22 

Oomparing tho longitudinal and tranaveree etrengths of 
the platee, he fonnd tho latter generally abont 10 per cent. 
leBS tba.n tbe formei; rather lesa diSeience than Mr. 
Stepheneon had made. 
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Mr. Fairbaim's later experíments give — 

Longitudinal Transverse 

tenacity. tenacity. 

Best Yorkshire platea 28-6 .. 23*4 

Mean of ordinary platea .. .. 23*1 .. 21*3 

We may therefore take as a general average for the 
greatest or longitudinal tenacity — 

Tona. 

Beat Yorkshire 25 

General 20 

And for the transverso tenacity about 10 per cent. less. 
The Admiralty test is — 

Longitudinal Transverse 

tenacity. tenacity. 

For Beat Best platea 22 .. 18 

For Beat platea 20 .. 17 

The test prescribed by Lloyd's ship-building rules is 20 
tons. 

M. Morin (Art. 59) gives the particulars of a series of 
experíments on French plates, the means of which give for — 

Kíl. per Tons per 

square mili. sqoare inch. 

Longitudinal atrength 34 * 43 . . 21 • 8 

Transverse atrength 31 • 76 . . 20 • 2 

222. The ductility of plates is as important as their tena- 
city ; for all I have said in regard to the importance of this 
quali£cation in iron generally applies with almost increased 
forcé to plates for ship-building. 

Mr. Stephenson tried the ductility of the plates I have 
mentioned in his Brítannia Bridge experíments, and he fonnd 
it very variable, even more variable than the strength ; the 
ultimate extensión longitudinally varíed generally from abont 
O • 017 per unit of length to O • 125. In one specimen it was 
only 0-0062. 

And as a warning bow little use the tenacity alone is, as an 
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Índex of tho efTcctiive qoalttf of the píate, it was foim<l that 
the brittle crjetaUine irons, whicli broke snddenly witt the 
rn iniírin m elongatiou, actnally eupported more weíght thcm 
those much more fibrous and ductíle. 

Mr. Stephenson also ti'ied tbo íruníoerse dactÜity as com- 
pared with the htyiludinal, and fuund the fomier only half the 
latler, an additiontU advontagc of mtich weight in favour of 
tho stmin being put in the longitadinal direction. 

Mr. KirkaWy also tried the dnctility of plates with mnch 
care. 

The resulta were, for — 

Best YotkBhiiB (lougitudiiiftl ductility) .. Maji. (!■ 170 



OtUer kinJe (longituJimil ductility) . 



He also foiand the transverse ductility lees than the longitu- 
dinal in tte avcrage proportion of 5 to 9, about the Eamo ae 
that given by Mr, Steiihenaon, 

It íb to be remarked, that the differenee betwcen the longi- 
tudinal and tho transíeree strengtha will be las in the 
inferior than in the superior quaUties of ¡ron, by reaeon of 
the Jibre betjig iegs developed in the worse arid more brittle 
kinde ; indeed, the latter will probahly be aa good (or lather 
as had) in one direction as in the other. 

223. When wo combine the tfinacity and dactility tc^ether, 
by OBtimatiiig tho valué of Mallefe cDüfiícient of work done 
in rupture, we obtaiii a Btriüng contraat not only of the 
■valúes of different kinda of píate, but also of the difíereneo in 



valué of tlie si 
directionB. 



e píate, in its longitiidiiial and its transversa 





l^jüBitudidol. 


t™...™.. 


Üíil Torhshire. 

Masimum 

Mmimum 


2600 


2725 
1300 


Mean 


3750 


1875 


Oi-dinarii. 

M«imnm 

Mmimum 


315 


1910 
315 


Mean 


1800 


1000 



22'í. The data I liave given will show that the qnalities 
of píate jiurchoBable iu the market varj* as mncli aa tliose of i 
har, if not more. 

The Best Yorkeldre platee aro all that can ba desirad 
every reHpect ; tlioy are not only tenacious, ductile, and 
tongh, but they aro admirably adapted for forgmg, bending, 
puncbing, and all workahop manipulatione, withont Buffering 
injury; and lite all other ¡ron of thts clase, they can 
thoroughly depended on. They are, howoíer, ospenaive, 
I tave previously explainod. 

Below Best Yorkebire como StafTordshire and oÜier plateaj 
and these are generally clnssod, like bai iron, in threft] 
claBBes. 

The first are conunon plates, bonring no mark bnt that 
tho maker, and BontotimoB not oven that. It íb, however, 
one of Lloyd's rules, that all iron, píate, beam, aad angle, 
íb to be legibly Btaiaped in two platea with tho manníacturing 
trade mark. 

Theee common platos, whea intended for boat-building, 
aro usually called hoal piales, and their quality may be any- 
thíng that will hold together, There are Bomotimes deot 






^oBlitíes to be foimd of Üiíb clase ; liut ít is often very bad, 
and the best ship-builders ignore it ttltügetber. 

The aext quality ia called Beel, and ie markcd with thia 
word. Theee platea are wotth about 11. a ton more than 
the commou, and aie, or onght to be, good, tenacious, and 
ductilc ■ thej should stnud bending cold to a ccrtain ostent 
without breaking, Thej may be uaed with confidenco for 
boat-building, but it ¡b not alwajs Üiat tbe espenee of them 
will be aubmitted to. 

Tbe tbird quality is called Beit Besi ; it íb wortb abont 
onother 1/. per ton extra, nnd is tougbor and more dtictile 
than tbo last, but Etill not oqual to Best Yorksbire. No 
quality uadcr tbis ougbt to be used for steara-engine boilers. 

Tbe Adrairalty nse " Best Best " for tbe hulla of tbeir 
veeselB. Tbe ' Belleropbon,' for eiample, built at Chat- 
bam, has all tbe more important portioua Best Best píate, 
BÍngle Best being nBed in ceitain paits wben tbe quality ia 
of lesa moment. 

I need bardly say thnt íhe quaUly of píate to be used for 
buüdisg tbe bulls of iron abips ia a sabject of tbe most 
TÍtal importance. 

It liLis beeu pertinenüy remarkcd, tbat in tbe oyes of the - 
mercíuuit or sbip owner, gcnerally, iron is iron ; be pro- 
bttbly does not know tbe aknost infinito variotiea of qnality 
tbat are comprebended undor tbJB general imme, antt may 
litüe tbinlt tbat tbe bull of a sbip be may Lave got built 
cbeaply, may be not much more tmstwortby tban if it w 
made of gloss I 

And I would rcpeat again wbat I have ao often Eaid before, 
tbat it is not tenacííy alone wbich muat be taken as 
oriterion, inasmucb as I bave sbown yon tbat tbe very wonA 
qnalities of iron may aometimea sbow a higb t«naeity, 

By far tbe more important qualiticB for abip pnrposes a: 
ductility and tougbneaa ¡ for on tbe state of tbe iron in rf^gard 
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to these may depend whether the ship may safely withstand 
shocks and buñetings in cases of peril, or whether she may 
cmmble to pieces, and instantly go to the bottom. 

225. When píate iron is less than about ¿ of an inch in 
tbickness it becomes aheet iron ; and when this is cut up into 
narrow strips like ribbons, tbey take the ñame of Tioop iron, 

M. Morin (Art. 61) gives experiments which show the 
ultímate strength of hoop iron to vary from 28 to 3&J- kil. 
per millimétre, or from 18 to 24^ tons per sclnare inch. 
Henee the principie of increase found with wire does not 
apply to hoop iron. 

When clean sheet iron is immersed in a bath of melted tin 
it becomes covered with the latter metal, which combines 
chemically with its surface, and adheres fírmly. This is 
the well-known tin píate, The iron used for this is of a 
specially good quality, which is very soft and ductile, and 
will stand without damage the varied treatment it has to 
nndergo in the manufacture of utensils and other articles 
made of this useful material. 

226. I now pass on to other forms of wrought iron. 

In speaking of bar iron, I told you this term was usually 
confined to bars of simple aections, such as square, round, 
and fliit. But there are other shapes of bars rolled, which 
take peculiar ñames, and which are very useful in forming 
structures of wrought iron. 

The chief of these is angle iron, This is rolled in long 
lengths, like common bar ; but its section is of the shape 




of the letter L, thus i It is one of the most useful 



shapes in the formation of structures of wrought iron. Angle 
iron is made of various sizes, ñrom 1^ inch to 6 inches, or 
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thereabouts, on either log, and the lega are frequently of 
áifferont widtha. Tho thickneaa varíes frum about J iiich to 
08 macb as 1 inch iu large sizes. 

Auother form of aection, also very useful in struotural 



combina,t¡ons, ía what ie called T ii 
there are fonne called 



I, thus 



And 



And nmny other fancy forma ; indeed, by the operatíon of 
rolling, if proper grooves are cut in the rolle, almost any 
desired abapo may be procured. 

iífliíg, for esample, «re rollod in great varieties of sbapes, 
as for example. 



Double-Lcaded mil .. 



XAUíBABLB OOtl, 



Vignoles or flnt-liottomcf! rail 



SecüonB wliich waígh fcom 30 or 40 to 80 or 90 Iba. ] 
yard. 

The qn&lity of angle ii'on, T iron, and the BinaU fanoy irone - 
I Lave mentioneí ia, of course, varions, íiccording to the tnake ; 
but it íb generally superior to coiumon bar iron, for tho 
roasoQ that a better Hnd of material íb nQccsBaiy in order tu 
enable the trun to tako tLo desircd forme in the rolls ; for if 
the vcry woret kinds of metal weio used (euch as are often. 
Bold in plain bar), it would not be snfficiently ductüe and 
workablo to bend into the grocvea of the rolla, but would 
crack and broak to piecee. 

Mr. Eirkaldy tested several varietiea of angle iron, bcam 
iron, and strap iron, of the kinds ordinarily nsod in shii>- 
huilding, aud obtained the following rcBults :— 

The Be^t TorJcshire iron etood, of conrso, the flret in this, 
as in all other rcspects. Angle iron of this make gave 
tenacity 26 to 28 tons. Ultimate olongation, O '21. 

Other kinds of angle iron gave tenacity varying from 19 
to 26i toes. Elongation, O ■ 16i down to O ■ 058. J 



m 



CosT or Wboüght-ibon Woek. 

?27. In spcaking of cast iron I have mentiont 

■t tlie foat oí articles nnade in it, calling your attention 
, ' ■ £act that one great advantage of tbia material is i 




MALLBABLE IBÓN. 

choupaeBa — -áxia to the facility wliicli the procese of moulding 
and caGtmg givos to the formatíou of any required sLapes 
in tho matoriaL 

Now, wrimglti-iron work íb very eí^entive iu comparÍBOn 
with caet ; for not only ía the Ta]«e of the material iUdf 
gTGater, but also the co^l of teorking ít into required forma 
enhancea the prieo to soveral timea the valué the samo 
thÍTig woiüd havo in cast ¡ron. 

But, etill, the peciüiar proporties of the material render it, 
iu a vaBt varíctj of cascB, bo much more valimblo and nppre- 
priato UiaQ oaet iron as fully to juBtify the estnt coBt. 

And if we are willing to incur thia extra espenae, wrought 
iron presents good featuree in its malíeability and dnctílity; 
the power of wolding, punehing, cutting, hamnioring, and 
all the rarioties of contrivances included in smithB' work 
(which OTO totally wanting in caBt iron), and by meaus of 
which wo may Bucceed in faBhioning wrought iron into 
almost any form wb desire. And when to thia wo add the 
facüity that wo haTO of huiJding vp wiought-iron atructurea 
oat of Binall and Bepanite piecee by riyeting, bolting, &c., 
we aoe that tho material, though oomparatÍTely dear, ia atiU 
well adaptcd to etructural oae, 

It muat not he lost aight of, that the comparatívo doomcaB 
of wrought iron ovor caat may be leseened, in very many 
cásea, by the diminiition of leeiglit roquiíod in the tongher 
material. In cast iron, a oongiderablo cxceBS of strcngth ia 
nocessary to provide for accidental and unknown defocta, aa 
well aa for the chance of fracture by concusaions, &□., &c. 
But in the more trustwotthy material, Bomethiug important 
in weight may alwaya be saved, and the coat diminishod 
accordingly. 

I will now give yoa aome general notion of the price» of 
mnlleablo iion, and wrought-iron work, in various forma. 
Yon muat, howovor, clearly understand that I only profoas 
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to do this yery ajpproximateHy, as prices vary consíderably, 
not only in different distrícts, bnt at difíerent times. 

And mnch depends also on the places where the iron is to 
be delivered. 

Bbst Yobeshibe Ibón peb Ton. 

Bóír Iron — ünder 2J or 3 cwt., about 17/. and 18/. ; increasing, as the 
weight increases, till 7 or 8 cwt. costs 25/. 

Plates — ^ünder 2} cwt., 21/. and 22/. ; increasing till 5 cwt. and up- 
wards, 36/. and 37/. 

Locomotive Tyres and Áxle^—Aocoiáuig to weight, 20/. to 37/. 

Locomotive Cranked Axles (rough from forge), 50/. 

N.B. — These prices do not vary with small fluctnations in 
the market, and are nearly the same for all the firms that 
make this iron. 

Otheb Ibón (aU delivered at works) peb Ton. 

Wehh Bar, 7/. to 11. lOs. 

Staffordshire Merchant Bar, 8/. lOs.; '^Best** Bar, 9/. lOs. ; ^' Best 
Best," 101. lOs. 

Camihon Boat Píate, Welsh or Scotch, 8/. lOs. or 9/. 

Staffordshire Boat Fíate, 10/.; ''Best" Fíate, 111.; ''Best Best'* Fíate, 
12/. 

Angle and T iron, say 1/. above bar of same quality. 
Ánchors, under 3 cwt., 28/. ; 5 to 25 cwt., 24/. ; 52 cwt., 30/. 
Chain Cables, according to size, 15/. to 20/. ; the smallest being the 
dearest. 

Armour Flates, 30/. to 35/. 

Flain Boilers, Best Best Flates, say 22/. to 24/. 

Ships* Hulls, say 201. to 25/. 

Qirder Bridges, 17/. to 25/. 

Forgings, according to size and shape, &om 25/. to 50/. 

228. The following Table coUeets together the data here- 
inbefore given as to the principal properties of wrought 
iron: — 



Hbchanicai. Pbopertieb of Whotjuht Iros. 



Tenacity. 
Bac— General 

Best YorksliirB .. 

Plftla— General .. 

Best Yoiksliire 

COMTBEBBIYB STRBNGTH 



Tons per sijuare iach. 



BnrnrzBS (Modnlm of Slaatioitf) 

DOOTILITT. 

B(ir — General 

Bcat Yorkaliire . . 

PUte — General 

Beat Yorkshire 

ToroHNESB. 

Bar — General 

Beat YoiliBbiTe .. 

Píate— Ceneral 

Best YorkBhire 

Bfbooto Ghatity 



Ultimata olongatioo per onit of 

lengtiL 
0-30 ] 006 0-20 

0'26 I 0-20 0-24 



239. liOt DB now endeavoni to Biim np Borne of the most 
importout pcñnte of knowledge we poaseaa ahont nrouglit 
iron, in the same uuumer &S we did for tlio caM fona of the 
material. 

a. All tho mechanical proportiea of wronght iion are 
exceedingly variable, extending ovor a veiy wide range, 
according to tho difTeient makes and qualities exiatiiig in 
tho market. 
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h. The tenacity, or tensile strength, of wrought iron is 
threo or four times greater than that of cast, which deter- 
mines the preference of wrought iron in all cases where it 
has to resist tensile strain. 

o. But wrought iron is much weálcer than cast iron in 
compressive strength, or strength to resist crushing, which 
should determine the preference of cast iron in cases of 
compressive strain. 

d. Wrought iron of good quality has a great advantage 
over cast iron in its ductility and toughnesa, which peculiarly 
ñt it for bearing shocks, concussions, and sudden strains. 

e, In judging of the fitness of wrought iron for the pur- 
poses where shocks and sudden strains are likely to occur, 
the tenacity alono is not a sufficient guide ; but the ductility 
and toughness must also be ascertained. 

/. To judge of iron by its fracture requires much know- 
ledge and experience, without which the appearances may 
often be misunderstood. 

g. Lar ge masses of iron are likely to be weak and uncer- 
tain in their intornal portions, and on the other hand, iron 
gains much in strength by being drawn down to small sizes. 

h. The hardness of wrought iron is very variable in 
different makes. Iron may be artificially hardened by cold 
hammering or cold rolling, but this hardness may be removed 
by annealing. 

i. Wrought iron will bear the frequent repetition of a 
modérate strain without having its ultimate strength dimi- 
nished thereby. 

k. Wrought iron is very liable to damago by oxidation; 
it must always be well protected, and the protection must 
be carefully renewed at frequent intervals, for which purpose 
the surfacos must be made easily accessible. 

Z. The best kind of iron is that called Best Yorkshire 
iron, which has not only high tenacity, but great ductility 
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and toughness ; and has, in addition, the great recommenda- 
tion of being nniform and trustworthy. 

m. Platea are generally inferior to bars in both strength 
and touglmess, and their lower qnalities are often iincertain 
and Tintrustwortby. 

n, In tbe better qnalities of plates, both the tenacity and 
toughness are considerably greater in the longitudinal than 
in the transverso direction ; and therefore, as far as possiblo, 
the strain should be put in the longitudinal direction. 

o. Wrought iron is dearer than cast iron, and it is much 
more costly to form structures in it. But on account of its 
greater strength, their weight may be generally much less 
than in cast iron. 
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Decay of wood, canse and cure of 
Dimensions of Engtish cathedrals and 

halls 
Drainage of land 



Drains and sevfere 
Draiiiage of towns, cost of 
Excavalors' useful memoranda 

Five orders of archileclure 

Floors and joisls, table of wood 

Foolings of walls 

Gasfitters' useful memoranda 

Gas suppW 

Girders of wood and iron, slrengtii of^ i 

and lable of safe loads 
Heat 

Heights, measurable 
Iron roofs, example* of 
Lightning conductors 



Loads on roois and floors 



Valoation oíproperty 
Ventilation 
Warming by eteara 



Weight of metala and all x 

used in building 
Wind, pressure of 
Zinc-workers' memoranda 
Eicavators' príces 
Bricklayers' prices 
Masons prices 
Marble masóos' piicea 
Terra-colta prices 
Paviors' prices 
Carpentere' prices 
Joinera' prices 
Steam-made joioery prices 



Slaters' prices 

Tllers' prices 

Plasterers' prices 

Plumbers' prices 

Smilhs' and founders' prices 

Zinc-workers' and bell-hangeis' price» I 

Painters' and paper-hangers' prices 

Glaziers' prices 
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Cabiuet Making^. 

The Cabinct Maker; being a Collection of the most approved 
designs in the Medieval, Louis-Seize, and Oíd English styles, for 
the use of Cabiuet Makers, Carvers, &c., by R. Charles, fjbplates, 
folio, half-bound, 2ls. 

Carpeutry. 

Elemenlary Princiiiles of Carpentry, by Thomas Tredgold, 
revised from the original edition, and partly re-written, by JoHN 
Thomas Hurst, coatained in 517 pages of letterpress, and illus- 
iraíed viith 48 piales and 150 ivosd engravings, crown 3vo, hand- 
somely boiind in cloth, i8f. 

Chocolate and Cocoa. 

Cocna, its Growth and Culture, Manufacture and Works of pre- 
paration for the Table, by C. Hewett, Ulustrated with viood 
engravings, fcap. 8vo, sewed, u. 

Coífee. 

The Coffee Plantcr of Ceylon, by WlLLIAM Sabonadiere, with 
an Appcndix containing various extracts and letters from other 
authorities bearing on the same subject, second edition, enlatged 
and revised, illustraled 6y piales and wood engravings, crown 8vo, 
cloth, ys. 6d. 

Oofifee and CMcory. 

Coffee and Chicory ; the Culture, Chemical Composition, Prepara- 
tion for Market, and Consumption, with simple tests for detecting 
adukeration, and practica! hints for the producer and consumer, 
by P. L. SlMMONDS, F.S.S., author of ' The Commercial Products 
of the Vegetable Kingdom,' ' Dictionary of Products,' &c., &c, 
Ulustrated by numerous woad engravings, post 8vo, cloth, zs, 

Cotton Cultivation. 

Cotton Cultivation in its various details, the Barrage of Great 
Bivers, and Instructions for Irrigating, Embanking, Draining, and 
Tilling Land in Tropical aad other Countries possessing high ther- 
mometric temperatures, especially adapted to the improvement of 
the cultural soils of India, by JoSEPH GlBBS, Member Institute 
Civil Engineers, ivilh 5 piales, crown 8vo, cloth, ys, 6d, 

Curves, Railway. 

A complete System of Settíng-out Railway Curves, comprisíng the 
necessary alternalive methods, with full Tables of the Angles, Djs- 
tances, and Off-sets required on the ground, specially arranged for 
casy reference and practical use, by DAVID LlVINGSTON, CE., 
crown 8yo, cloth, los. 6A 
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Curve Tablea. 

Tabks for 5etting-out Raaway Curves, arraijged by CHAS. Pullar 
Hoco, CE., a series of eards arranged for Manipulation, wilh 3 
sheet of explanations and examples, in neat cloth case, 4J. dd. 

These Tables are intended to facilitatc the ranging of circulai Ares, by Ihe 
method of Tangential Anales, inCroduced by Professor Ranltine ¡ Ihey are 
suitable for any unit of leneth, British or Foreign, bo long ils the angle» and 
the ares are exprcssed in llíe same unit. The angles are given ¡n degrees, 
minutes, and decimds. 

Dilapidations. 

Dilapidations, a text-book for Archilects and Surveyors, in tabulatcd 
form, by Banister Fletcher, Assoc. R1. Inst. Brit. Arch. (author 
of Model Houses), showing who are üable for Dilapidations, and 
the extent of the liability of Lessors, Lessees, Tenants at will, 
Tenants by El^t, Statute, Merchant, or Staple Tenants in fee 
simple, Tenants in tai!, Tenants for Ufe, Tenants for years without 
impeachment of Waste, Mortgagor, Mortgagee in possession, Ycarly 
Tenants, Tenants in comraon, and joint Tenants, Rielits of copar- 
ceners ; also what are dilapidations and waste, and further ftiUy 
instructs the surveyor haw to take and valué them, to whlch ís 
added the duties of surveyors, with a table of legal cases, embraclng 
the most recent, and illustrated throughout by examples drawn from 
the author's experience, and latest legal decisions, lamo, cloth, ¡j, 

Earthwork Tálales. 

Tables for Computing the Contents of Earthwork in the Cuttings 
and Embankmenls of Railways, by W, Macgregor, royíil 8vo, 
cloth, 6í. 

Electric Telegraph. 

An Elementary Treatise on Electrical Measurement for the Use of 
Telegraph Inspectors and Operators, by Latimer Clark, -ajilh 
s -uieodcuts, crown 8vo, cloth, 6f. 



Electric Telegraph. 

Electrical Tables and Fomiulse for the Use of Telegraph Inspectors 
and Operators, compiiedby Latimer Clark and Robert Sabine, 
■with uioad engravings, crown 8vo, cloth, 1 2S, dd. 

Electrical Standards. 

Reports of the Committee on Electrical Standards appoínted by 
the British Association for the Advancement of Science, reprinted 
^ permission of the Council, revised by Sir W. Thomson, LL.D., 
F.R.S., Dr. J. P. Joule, F.K.S., Professors J. Clerk Maxwell, 
M.A., F.R.S., and F. JENKin, F.R.S., with a Report to the Royal 
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Society on Units of Electrical Resistance, and the Cantón Lecl 
delivcred by Professor JENKIN before the Royal Society of 
Ediied by Professor JEKKIN, F.R.S., 8vo, cloth, pnce gf. 
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Singineering, Spons' Dictionary of. 

Civil, Mechanical, Military, and Naval : with Technical Terms, 
Frcnch, Germán, Italiai), and Spanish ; to be t:Dmpkted ín 96 
fortnightly Nos., imperial 8vo size, 32 pages, at is. each, /Ai ii/Af/í 
illustrated by many thousand engravings. 

VoL I, conlaioing 2273 wood engravings, 1152 pp., and nearl; 20D 
distiact Tteatisea, liandsomely half-bound ín moroi:co, (op edge gilt, 2/. %s. 

Vol. 3, containing I2i6 wood engravings, 960 pp,, andnearly too disdnct 
TreatiscB, handsomcly half-bound in morocco, top edge gilt, 2/. zs. 

Vol. 3, completing Ihe work, wül be ready in November, half'bouud in 
morocco, lop edge gilt, 2/, 2j. 

Also in Divisions, containing 12 Nos. bound in doth at 137. 61/., [ to 6 

Eng:ineeriiig: Drawing. 

An Elementary Treatise on Orthographic Projection, beuig a new 
method of Teaching the Science of Mechanical and Engineering 
Drawing, ¡ntended for the instrucfion of Engineers, Architects, 
Buílders, Smiths, Masons, and Brícklayers, and for the use of 
Schools, ivitíi numerous illustrations on wood and síeel, by 
WiLLtAM BiNNS, Associate Instítute Civil Engineers, late Master 
of the Mechanical Drawing Class at the Department of Science and 
Art, and at the Schoal of Mines, formerly Professor of Applied 
Mechanics at the CoUege for Civil Engineers, &c., sixth edition, 
8vo, cloth, 9J. 

Mr. Binns' Sysíem of Mechanical Drawing is in successful 
operation in all the Art Schools of the UniUd Kingdom. 

Engineering Drawing. 

The Second Course of Orthographic Projection ; being a continua- 
tion of tlie New Method of Teaching the Science of Mechanical and 
Engineering Drawing ; with some Practical Remarles on the TeeCh 
of Wheels, the Projection of Shadows, Principies of Shading, and 
the Practice of Making to Scale Drawings from Actual Machineiy. 
Intended for the instruction of Engineers, Architects, Buüders, 
Smiths, Masons, and Bricklayers, and for the use of Science Schools 
and Classes, with numerous illustratiúns, by WillIAM BlífNS, 
Consulting Engincer, Associate I. CE., late Master of the Mecha- 
nical Drawing Class at the Department of Science and Art, and at 
the Royal Schoolof Mines ; formerly Professor ofAppUed Mechanics 
at the College for Civil Engineers, &c., Svo, cloth, icw. 6rf. 
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IjngiiiQer&' Companíon. 

The Office and Cabin Companíon for Engineers and Officers of 
Steaní Vessels, consisting of observations, rules, and tables 
facilítate such Cakulations as Naval Officers and Engineers 
called upon to make, by J. Simond HollaNd, second edition, 
ramo, cioth, 3^. 

Engineers' Pocket-book. 

The Pocket-book of Pocket-books, being Moleswotth and Hurst^ 
Pocket-books, printed on thin paper and bound togethi 
volume, roya! 32nio, nissía, gilt edges, I2j. bd. 

Engineers' Pocket-book. 

A Pocket-book of Useful Formulte and Memoranda for Civil and 
Mechanical Engineers, by GülLFORD L. Molesworth, Memb«: 
of the Institution of Civil Engineers, Consulting Engineer to the 
Government of India for State Railways, seventeenth edition, 
revised, with considerable additions by the author, containing 150 
additional pages, royal 32mo, roan, 6f. 
Ditto, interleaved with mled Paper for Office use, 9J. 
Ditto, printed on thin paper for the waistcoat pocket, 6j. 

Engineers' Frice Book. 

Applebys' lUustrated Handbook of Macliínery and Iron Work, witb 
the Cost, the Working Expenses, and the Results obtained in the 
use of Steam and Hand Cranes, Pumps, Fixed and Portable Steam 
Engines and various otlier Machines ¡ with Weight, Measurement» 
&c,, &c. i also Prices of Tools, Iron Work, Stores, and Material», 
required by Civil and Mechanical Engineers, Merchants, and 
others ; together with numeroua Tables and Memoranda, by- 
Appleby, Bros,, Engineers, many huitdred 'uiood engravings, 8v(^ 
cloth, 12J. bd. 
Engineers' Tables. 

Spons' Tables and Memoranda for Engineers, selected and arranged 
by J, T. HuRST, CE., author of Architectural Surveyors' Hand- 
book, Hurst's Tredgold's Carpentry, 8:c., 64mo, roan, giit edges, 

French Measiires. 

French Measures and English Equivalents, by John Brook. Fot 
the use of Engineers, Manufacturers of Iron, Draughtsra 

" Ina series ofcampact Tables the English valúes of the French 
are arranged from oae lo a thousand miUimÉtres, and from one te a hundred 
mitres ¡ the fractions of an inch piagressing in sixteentlis are ¡usa reduced 
to French valúes. The little book will be found useful to olmost every 
engineer. " — Engineiring. 
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French PolíBhmg. 

The Fri;nch Polisher's Manual, by a French Polisher, containing 
Timber Staining, Washing, Matching, Improving, Painting, Imita- 
tions, Direclions for Staining, Siiing, Embodying, Smoothing, Spirit 
Varnishing, French Polishing, Directions for Re-polishing, royal 
32mo, sewed, iid. 

Gaa. 

Analysis, Technical Valuation, Purification and Use of Coal Gas, 
by the Rev. W. R. BOWDITCH, M.A., with wood eHgravmgs, 8vo, 
cloth, i-2s.f¡d. , 

Oold and Silver llming. 

The Mining and Metallurgy of Gold and Silver, by J. ArthUR 
Phillips, Mining Engineer, in one large vol., royal Svo, clothi 
illustralcd v/üh 84 ■uiood engravings and &/olding piafes of-wí ' 
mg drofwittgs, 3IJ-. bd. 
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Gunner's Pocket -'book. 

Bridges' Gunner's Pockct-book, compiled by Captaix T, 
Bridges, H.P. Royal ArtiUery, crown 33rao, roan, \s. ; or morocco, 
if. 6rf. 

Heat. 

A Practical Treatise on Heat, giving Data, Rules, and Tables to 
facilitale the practical application of the Laws of Heat to the Useful 
Arts ; illustrated by examples worked out in detail, for the use of 
Engineers, Architects, &c., by Thomas Box, author of ' Practica! 
Hydraulics,' numerous piafes, post Svo, cloth, 8j. 6i¿ 

Hydraulics. 

Practical Hydrauücs : a Series of Rules and Tables for the use of 
Engineers, &c., &c., by THOMAS Box, second edition, numerous 
piales, post Svo, cloth, %s. 

Indian Engineerlng. 

India and Indian Engineering, three Lectures delivered at the Royal 
Engineer Instítute, Chatham, in July, 1872, by Julius GeorCE 
Medley, Lieut,-Col. R.E.,Assoc. Inst. CE., Fellow of the Calcutta 
University, Principal Thomason, Civil Engineering CoUege, 
Roorkee, crown Svo, cloth, 3J. 

Iron. 

Iron as a material of Construction, by WlLLIAM PoLE, CE., 
F.R.S., illustrated by wood engravings, crown Svo, cloth, dr. 
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Iron and Steel. 

The Journal of the Iron and Steel Institute, edited by JNO. JONES, 
F.G.S., and David Forbes, F.R.S., published quarterlj- in 8vo, at 
5í. each Part. 

Iron Construction. 

Works in Iron, Bridge and Roof stnictures, by EwinG MathesoN, 
numerous íngravings, royal 8vo, clothj 15^. 

Ijínk-Uotlon. 

Link-Motion and Expansión- Gear practically considered, by N. P. 
BURGH, Engineer, ¡lluitraíed -with 90 piales and 229 luood 
engravings, small 4to, handsomely half-bound in morocco, íl. is. 

Uechanical Engineering:. 

The Mechanician and Constructor for Engineers, comprising 
Forging, Planing, Lining, Slotting, Shaping, Tuming, Screw 
Cutting, &c,, by Cameroh Knight, illuslraíed by 96 410 piales, 
containing 1147 illttitral¿ons¡ and 397 pages of letterpress, 4to, 
half-morocco, 2l. iw. dd. 

Meclianics. 

The Essential Elcnients of Practical Mechanics, based on the prin- 
cipie of work, designed for Engineering Students, by Oliver 
Byrne, formerly Professor of Mathematics, Colkge for Civil 
Engineers, second edition, illuslraíed by numerous -woúd engrav- 
ings, post 8vo, cloth, "¡s. 6d. 

Metríc Weights and Measurea. 

Scales for the Ready Comparíson of British and Metric Weights 
and Measures, by A, L. Newdiüate, M.A., in neat cloth case, Sí. 

Military Terma. 

A Handy Dictionaryof Military Terms, by Major W. W. Knollts, 
F.R.CS., 93rd Sutherland Highlanders, Garrison Instructor, Home 
Discrict, &c., lEmo, cloth, 2S. 

Mín Gearing. 

A Practical Treatise on Mili Gearing, Wheels, Shafts, Riggers.&c, 
for the use of Engineers, by Thomas Box, post 8vo, cloth, wilh 
eighl piales, 5J. 

MUÍ Work. 

Buchanan's (R.) Practical Essays on Mili Work and other 
Machinery, wilh exaniples of tools ofniodem invention, and Supple- 
ment, edited by T. Tredgold and G. Rennie, Pipíales, 3 vols., 
royal 8vo, cloth, 2is. 



Uillwright's Gitide. 

The Practica! Miilwright's and Engineer's Ready Reckoner, or 
Tables for finding the diameter and power of cog-wheels, diameter, 
weight, and power of shafts, diameter and strength of bolts, &c,, by 
Tkomas Dixon, third edition, lamo, cloth, y. 

Mine Engineering. 

A New Edition of a Practical Treatise on Mine Engineering, by 
C. C. Greenwell, F.G.S., Collieiy Viewer, Member of the North 
of England Institute of Mining Engineets, &c., &c., &c., coniaining 
d^ coloureá piales drtntiH loa large scale, a«¡í 255 pp. of Utterprtss, 
inip. 4to, handsomely half-bound in moroccü, 1,1. 151. 

Mining. 

Records of Mining and Metallurgy ; or, Facts and Memoranda for 
thc Use of the Mine Agent and Smelter, by J. Artmuk FhilLIPS 
and John Darlinoton, in crown 8vo, clothj illustrated luith 
tvood cngravings, 4J. 

Narrow Gauge Eailways. 

Narrow Gauge Railways, by C. E. SPOONER, CE., F.G.S., »?/(«- 
trated ■mitk 2^/olding plaUs, 8vo, cloth, i2s. 6d. 

CONTENTS : 
Copy of Paper read it the "Inventors' Inítitute" on Narrow Gauge 
Rnilways — The Festiniog Railway — Eiperiineat on the Festiniog Railway 
— CapUin Tvlet'B Report— The Railways of the Futare — Advantages 
gained by Narrow Gauge Railways — Railway Gauges^ — Narrow Gauge 
Rolling Stock — Battie of the Ganges — Indiaii ^Iway Gauges and 
Rolling Stock, &c 

OutpoBt Duty. 

Practical Lessons in Reeonnoitring, Ouipost Duty, &c., suggt 
by the late Autumn Manceuvres, Nos. i and 2, each - - ' -" 

Perpetual Motion. 

Perpetuum Mobile ; or, Search for Self-Motíve Power during the 
I7th, iSch, and igth centuríes, illustrated from vaiious authentíc 
aources in papers, essays, letters, paragraphs, and numerous patent 
specifications, with an Introductory Essay by Heney DiRCKS, CE., 
íc/ilA numerous engravings of machines, crown 8vo, cloth, loj. f>d. 

Dítto, Ditto, Second Series, loUk numerous engrauings and 
portrails, crown 8vo, cloth, ios. 6d. 

Kailway Crossings. 

Switches and Crossíngs ; Formulee for ascerta¡n¡ng the Angles of 
Crossings, the Lengths of Switches, and the Distances of the PoLn 
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of the Crossings and the Heels of the Swítches from the Springing 
of the Curve, byW, DONALDSON, M.A., A.I.C.E., author of'A 
Treatise on Oblique Arches,' f lates, 8vo, cloth, lor. 6¡¿ 

Heservoirs. 

On the Constniction of Catch-water Reservoirs in Mountain Districts 
for the Supply of Towns or for other purposes, by C. H. BelOE, 
author of the Handbook of tie Liverpool Waterworks, piales, 8vo, 
clotli, 5^. ■ 

Beservoirs. " 

On the Designing and Constructing of Storage Reservoirs, by 
Akthur Jacob, B.A-, Jolding piales, 8vo, stiff wrapper, 2j. 

Eetaining "Walls. 

A Treatise on Rclainlng Walls, by J. S, Tate, CE., Svo, sewed, 2A, 

Eopemakiug:. 

A Treatise on Ropemaking as practised in public and ptivate Rope- 
yards, with a Descriptíon of the Manufacture, Rules, Table of 
Weights, fitc, adapted to the Trade, Shipping, Mining, Railways, 
Builders, &c., by R. Chapman, formerly foreman to Messrs. 
'Huddart & Co., Limehouse, and late Master Ropcmaker to H,M. 
Dockyard, Deptford, second edition, i2mo, cloth, jf. 

Sanitary Eugineering. 

Sanitary Engineering, a Guide to the Constniction of Works of ' 
Sewerage and House Drainage, with Tables for facilitating the 
Calculations of the Engineer, by Baldwin Latham, C.E., Mem. 
Inst. C.E., Past President of the Society of Engint 
engravings, Svo, cloth, i/. loj. 
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Tbis wotk treats I. : Of the evils of the preaent system of Sewage Treat- 
ment, ihe Pollulion of Water, and the Waate of Manure. !I. Remedies, 
Prívy, and Ash-pit ; Eureka System ¡ Milán, Goul, and Moule's Systems. 
III. Treatment of Sewage by Chemical means, Experimenta wilh Lime ; 
Lime and Chioride of Iron ¡ Snlphale of Ammonia ; Holden's Procees ; 
Sulphate of Alumina ; Petsalts of iron ; Blyth, Leiik, Phosphale, ABC, 
Scotl, and Hille Processes; Filtration. IV. ínigatioo. Wilh an Appendix, 
inclnding the Law lelating to Sewage Utilization. 
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The Sewage Question ; on the Treatment and Utiliíatíon of 
Sewage, the Preparatíon of Land for Irrigation, and for Intermittent 
Downward Fihration, by J, Bailey DENTÓN, M. Inst. CE., F.G.S,, 
8vo, sewed, u. 

Silver Mines. 

Vazeeri Rupi, the Silver Country of the Vazeers, in Kulu ; its 
Beauties, AnCiquities, and Silver Mines, including a trip over the 
lower Himalayah range and Glaciers, by J. Calvert, F.G.S. , Mem. 
InsL CE., illiístralea with a vu¡p and coloured plates, 8vo, cloth, 
i6j. 

Slide-Valve. 

The Slide-Valve, practically considered by N. P. BuRGH, Engineer, 
third edition, containing %% ülustraUons, and iii pages of UUeT' 
press, crown 8vo, cloth, 5J-. 

Specifications. 

Practical Specifications of Works executed in Architecture, Cii 
and Mechanical Engineering, and in Road Making and Sewering ; 
to which are added a series of practically useful Agreements and 
Reports, by JOHN Blenkarn, •with í^foldingplates, Svo, cloth, i8j. 
List op Plates. 
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9 DetaJls of Ironwork. 

10 Details of Ironwork, Piling, &c 

11 SectioD of Artcsiaa Well. 

12 ElevationandSectionofWrouglit- 

IroD Bridge, 

13 Flan, Elevation, and Sectíoo of 

Wiought-lron and Brick Bridge. 

14 Section and Plan of Engine and 

Engine House. 

15 Elevation ofTimber Bridge. I 



1 Elevations and Plans of Cottages 

2 Elevations and Plans of Hooses at 

Maidstone. 

3 Elevation and Secüon of Villa at 

East Cowes. 

4 Ground and Fiíst Floor of DittO. 

5 Elevation of Villa at East Cowbs. 

6 Ground and First Plan of DltCo. 

7 Details of Sewer Work. 

8 Details of Ironwork, Piling. ^m 

Steam Boilers. ^ 

New Work on Boiler Engineering, complete in 2o parts, 19 at 3J., " 
and I at (¡s., or handsomely half-bound niorocco, cloth sides, 
3/. 13Í. 6rf., a Practical Treatise on Boilers and Boiler Making, by 
N. P. BURGH, Mem. Inst. Mech. Eng., illustrated ■with numerous 
■wood engravings and plata of ivorking drawmgs, 3/. 1 3J-, 6rf. 

Steam Eng:ine. 

Modem Marine Engineering applied ta Paddle and Screw Propul- 
sión i consistiag of 'ib plates, 259 wood engravings, and 403 pages 
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r, the whole beíng an exposition of the prcsent 
; of the foUowing firms ; — Messrs. J, Penn and Sons ; 
Maudslay, Sons, and Field ¡ James Watt and Co. ; J. and G. 
Rennie ; R. Napier and Sons ; J. and W. Dudgeon ¡ Ravenhill and 
Hodgson ; Humphrcys and Tennant ¡ Mr. J. F. Spencer ; and 
Messrs. Forester and Co., by N. P. Burgh, Engineer, 4to, clotb, 

2/. 51. 

Steam Engine. 

Modem Compound Engines, being a Supplement to Modem 
Marine Enginecring, by N. P. BtJRGH, Mem. Inst. Mech. Eng,, 
demy 4to, cloth, iSj. 

The followlng firms have contributed Working Drawings uf their test 
and most modera examples of Enginea ñtted ¡n Üie Rafal and Mercantile 
Navies : — Messrs. Maudslay, Rennie, Watt, Dndgeon, Humphreys, 
Ravenhill, Jackson, PerkÍDS, Napier, Eider, Laird, Day, Allibon, and 

Steam Engine. 

Practical Treatise oa the Condensation of Steam ; contained in 
262 pages of letterpress, and iUustraíed'wiih 212 engravings, by 
N. P. BURCH, Engineer, supei-royal 8vo, cloth, 25^. 

Steam Engine. 

A Pocket-book of Practical Rules for the proportions of Modern 
Engines and Boilers for Land and Marine purposes, by N. P. 
Burgh, 4th edition, with Appcndix, royal 32mo, roan, 4í. (¡d. 

DetaÜs of High-presaure Engine, Beam Engine, Condensing, Marine 
Screw Engines, Oscillating Engines, Valves, S:c,, Land and Marine Bollera, 
Proportions of Engines produced by the rules, Pioporüons of Boilers, &c. 

Steam Engine. 

Practical Illustrations of Land and Marine Engines, showing in 
detall the modernimprovementsofHigh and Low Pressure, Suiface 
Condensation and Superheating, together with Land and Marine 
Boilers, by N. P. Burgh, Engineer, 20 piales á» double elephant, 
folio, cloth, 2/. ai. 

Steam Engine. 

Notes on the Theory of the Steam Engine, being part of a course 
of instruction in the subject, given in the Royal School of Naval 
Architecture and Marine Enginecring, by JAMES H. Co'ITerill, 
M.A, Vice- Principal of the Royal School of Naval Architecture 
and Marine Engineeríng, 8vo, sewed, 3^. 
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Strength of Beams. 

On thc Strcngth of Beams, Columns, and Arches, considered with 
a. view lo deriving niethods of ascertaining the practica! strength of 
any givcn scction of Beam, Column, or Arch, ín Cast Iron, Wrought 
Iron, or Steel, by B. Baker, ¡tumerous cuis, crowa Bvo, cloth, 91, 

Strengrth of Beams. 

New Formulas for the Loads and Deflections of Solid Beams and 
Girders, by WlLLIAM DONALDSON, M.A., Assoc. Inst. CE., Bvo, 
cloth, 4f. dd. 

Sugar. 

The Practica! Sugar-Planter ; a Complete Account of the Cultivation 
and Manufacture of the Sugar-cacc, accordíng to the !atest and 
most improved processes, describing and comparing the different 
systems pursued in the East and West Indies, and the Straíts of 
Malacca, and the relative expenses and advautages attendant upon 
each, being the result of si«een years' experience of a sugar-planter 
in those countries, by Leonard Weav, Esq., wiik mtmerous 
illustrations, 8vo, cloth, ios. 6d. 

Sugar Machinery, 

A Treatise on Silgar Machinery, by N. P. BuRGH, Engineer, miíh 
\t piales, drawn lo a large scaU, roya! 4to, cloth, 301. 

Sulphuric Acid. 

The Chemistty of Sulphuric Acid Manufacture, by Henry Arthur 
Smith, cuts, crown Svo, cloth, 4J. 6d. 

Surveying. 

The Principies and Practice of Engineeríng, Trigonométrica!, 
Subterraneous, and Marine Surveying,by CHARLES BOURNE, CE., 
third edition, numerous plates and "woodculs, 8vo, cloth, 5J, 

Surveying. 

A Practica! Treatise on the Science of Land and Engineering 
Surveying, I^velling, Estimating Quantities, &c., with a geoerS 
description of t!ie severa! Instruments requíred for Surveying, 
Levellmg, Plotting, &c., by H. S. Merrett, ^i fine piales, ■u/ith 
illttstralions andlables, royal 8vo, cloth, izs. 6d. 

Table of LogaritlmiB. 

Table of Logarithms of the Natural Numbers, from i to 108,000, 
by Charles BaubagEj Esq., M.A., stereotyped edition, royal 8vo, 
cloüi, 7j. 6d. 
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Tables of Squares and Cubes. 

■ Barlow's Tables of Squares, Cubes, Square Roots, Cube Roota,. 
Reciprocáis of all Integcr Numbers up to 10,000, post 8vo, 6j. 

Teeth of Wheels. 

Camus (M.) Treatise on the Teeth of Whecls, demonstrating the 
best forms which can be given to them for the purpose of Ma- 
chinery, such as Millwork and Clockwork, and the art of finding 
their numbers, tranalated from the French, third cdition, carefully 
revised and enlarged, with details of the present practico of Mili, 
wrights, Engine Makers, and other Machinists, by ISAAC Hawkins, 
illustratedby iSpiaíes, 8vo, cloth, ¡j. 

Telegraphy. 

Journal of the Society of Telegraph Enginecrs, including original 
Communications on Telegraphy and Eléctrica! Science, editedbjr 
Major Frank BOLTOtJ and G. E. Preece. Parts 1., II,, 
and III., demy 8vo, sevied¡wüh ivood engravings^ y. each. To b«i 
continued quarterly. 

Torpedo Warfare, 

A Treatise on Coast Defence ; based on the experience gained by 
Officers of ihe Corps of Engineers of the Army of the Confedérate 
Etates, and compiled from Official Reports of Officers of the Navy 
of the United States, made during the North American War from 
1861 to 186;, by VoN SCHELIHA, Lieutenant-Colonel and Chief 
Engineer of the Department of the Gulf of México, of the Anny of 
the late Confedérate States of America ; ivilh numerous fine piales, 
imperial 8vo, elegantly bound in cloth, top edge gilt, 15J., or with 
the piales coloured, 30J. 

Trevithick. 

The Life of Richard Treviltick (Inventor of the High-pressure 
Steajn Engine), with an Account of his Inventions, by Francis 
Trevithick, CE., 3 vols., médium 8vo, cloth, ülustraledby a steel 
porttait, litkogra-pks, and numerous beautiful ivood engravings, 
including many accurate iUustratiofts of Cornwall, tts Mines, and 
Mining Machinery, it. \bs. 

Turbine. 

A Practica! Treatise on the Constmction of Horizontal and Ver- 
tical Water-Wheels, •uiith eleven piales, specially designed for the 
use of operative mechanics, by William CULLEtí, Millwright and 
Engineer, second edition, revised and enlarged, small 410, cloth, 
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Tuming. 

The l'ractice of Hand-tuming ia Wood, Ivory, Shell, ¡te, witft 
Instructions for tumíng such work in Metal as may be required in 
the Practice of Tuming in,Wood, Ivory, &c. ; also an Appendix un 
Ornamenlal Tufning, by Francis Campin, second edition, -uiilh 
■aiood cngravings, crown 8vo, clotli (a boók for beginners), 6í. 

Valve Qears. 

Trearise on Valve Gears, with special consideration to the Link- 
Motions of Locomotive Engines, by Dr. Gustav Zeuner, third 
edition, revised and enlarged, translated from the Germán, with 
the special permission of Üie author, by MOKITZ MULLEH, piales, 
8vo, cloth, \is. bd. 

Ventilation. 

Health and Comfort in House Building, or Ventilation with Warm 
Air by Self-acting Suction Power, with Review of the mode of 
calculating the Draught in Hot-Air Flues, and with some actual 
Experiments, by J. Drysdale, M.D.,and J. W. Havwabxj, M.D., 
demy 8vo, ■with piales, cloth, ys. 6d. 

Weight of Iron. 

Tabulated Weights of Angle, T, Bulb, and Fiat Iron, for the use 
of Naval Architects and Shipbuilders, by CHARLES H. JORDAN, 
M.I.N.A., i8mo, sewed, ií. 6íí. 

Wood-working Factories. 

On the Arrangement, Care, and Operation of WotHi-working Fac- 
toriea and Machinery, fomiing a complete Operator's Handbook, 
by J. Richards, Mechanical Engineer, íí/ooiAraíj, crown 8vo, cloth, 
5J-. 

Wood-working Machines. 

A Treaíise on the Construclíon and Operation of Wood-working 
Machines, includitig a History of the Origia and Progress and 
Manufacture of Wood-working Machinery, by J. Richards, M.E., 
crown 4to, cloth, ■wilk numerous "wood engravings, il. jj. 

Workshop Keceipts. 

Workshop Receipts for the use of Manufacturera, Mechanics, and 
Scientific Amateurs, by ErkeST Spon, crown 8vo, cloth, ¡j, 

Yachts. 

Yachts and Yacht BuÜding, being a Treatise on the Construction 
of Yachts and othcr matters reiating to Yachting, by P. R. Marett, 
second edition, enlarged, illustrated luilh 12 foldirtg piales, áciaf 
8vo, cloth, 12J. (id. 
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